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ABSTRACT
We present results from Chandra observations of the X-ray starburst galaxies
NGC 3310 and NGC 2276. We detect 27 discrete sources in NGC 3310, and 19 dis-
crete sources in NGC 2276 with luminosities above 1.0×1038 erg s−1. The major-
ity of the sources have photon indices of 1.7-2.0, typical for X-ray binaries. Both
galaxies have large numbers of ultra-luminous X-ray sources (ULXs; sources with
L(0.3− 10.0 keV) > 1039 erg s−1), 14 for NGC 3310 concentrated on the circumnu-
clear star-forming ring and north spiral arm and 11 for NGC 2276 with the brighter
ones on the west side of the galaxy which is compressed due to harassment by the
intra-group medium it is moving into. We find for both galaxies that the ULX-hosting
areas are located above the general LX-SFR scaling relations while other areas either
follow or fall below the scaling relations. This indicates that sub-galactic regions follow
the galaxy-wide scaling relations but with much larger scatter resulting from the age
(and possibly metallicity) of their local stellar populations in agreement with recent
theoretical and observational results. Such differences in age could be the origin of the
scatter we observe in the low SFR regime in the Lx-SFR scaling relations.
Key words: galaxies: individual: NGC 3310 - galaxies: individual: NGC 2276 - galax-
ies: starburst - X-rays: binaries - X-rays: galaxies.
1 INTRODUCTION
Ultra luminous X-ray sources are off-nuclear sources that
have luminosities L(0.3− 10.0 keV) > 1039 erg s−1. This
generally exceeds the Eddington luminosity of a typical
stellar-mass black hole and therefore it indicates very high
accretion rates. The most generally accepted model to ex-
plain the nature of ULXs is that of super-Eddington accre-
tion (with possibly mild beaming) onto a stellar-mass black
hole or a neutron star (NS) X-ray binary (XRB) (e.g. King
2009; Kaaret, Feng, & Roberts 2017, and references therein).
Other models include accretion onto an intermediate-mass
black hole (IMBH) although with very little observational
evidence (e.g. Kaaret, Feng, & Roberts 2017). In general
ULXs are more abundant in low metallicity galaxies (e.g.
Prestwich et al. 2013; Douna et al. 2015) and are found
in large numbers in merging and star-forming galaxies (e.g.
Swartz et al. 2011; Anastasopoulou et al. 2016).
Two star-forming galaxies which have been found to
host large number of ULXs are NGC 3310 and NGC 2276
? E-mail: kanast@physics.uoc.gr
(e.g. Wolter et al. 2011, 2015; Lehmer et al. 2015). They
are relatively nearby, at distances of 22 Mpc for NGC 3310
and at 41 Mpc for NGC 2276. These distances are based
on the latest cosmology (Planck Collaboration et al. 2018,
Ho = 67.4 km s
−1 Mpc−1, ΩM = 0.32, and ΩΛ = 0.68) us-
ing the Virgo infall corrected redshift. For both galaxies
the available redshift-independent distances, are based on
the Tully-Fischer relation, which given their disturbed mor-
phology and signs of interaction (described in the next para-
graph) are not reliable.
Both galaxies exhibit unique morphologies. NGC 3310,
which is among the most luminous star-forming galax-
ies in the local Universe, shows a disturbed morphology,
which is possibly the result of a recent merger (∼30 Myr
ago; Elmegreen et al. 2002; de Grijs et al. 2003a) with a
low metallicity dwarf galaxy which triggered a circumnu-
clear star forming ring of about 20 arcsec. The galaxy also
shows two distinct spiral arms, one on the north and one
on the south. NGC 2276, which is a member of the loose
group NGC 2300 displays also a uniquely disturbed mor-
phology, where the west side of the galaxy is being com-
pressed as it moves supersonically (900 km s−1) through the
c© 2016 The Authors
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NGC 2300 intra-group medium (IGM; Rasmussen, Ponman,
& Mulchaey 2006).
In the X-rays, NGC 3310 showed evidence for the ex-
istence of an active galactic nucleus (AGN) based on the
presence of an FeKα line in Chandra spectra of the nucleus
Tzanavaris & Georgantopoulos (2007). However this is not
supported by any other AGN indicator (e.g. optical lines,
Ho et al. 1997). Lehmer et al. (2015) combined simultaneous
Chandra and NuSTAR observations of the galaxy and found
an excess of X-ray emission per unit SFR in the 6-30 keV
band compared to other lower sSFR (specific SFR=SFR
per stellar mass) star-forming galaxies. This was interpreted
as the result of the over-abundance of ULXs in NGC 3310
compared to typical galaxies. They argue that this excess of
ULXs is most likely explained by the relatively low metal-
licity of the young stellar population in this galaxy. HST
optical observations have identified hundreds of star clus-
ters (Elmegreen et al. 2002) younger than 10 Myr and with
masses of 104-105M for the largest clumps, as well as, 17
candidate super star clusters, mainly in the innermost south-
ern spiral arm. Furthermore de Grijs et al. (2003a,b) using
the same data, found that the age and metallicity distribu-
tions of the clusters in and outside the circumnuclear ring in
NGC 3310 are statistically indistinguishable, although there
is a clear and significant excess of higher mass clusters in
the ring compared to the non-ring cluster sample. Miralles-
Caballero et al. (2014) using data from the PPAK Integral
Field Spectroscopy (IFS) Nearby Galaxies Survey (PINGS)
found a rather flat gas-phase abundance gradient for about a
hundred HII regions located on the disk and the spiral arms.
This indicates that the minor merger event had a substan-
tial impact on metal mixing in the galaxy, resulting in uni-
form metallicity across the galaxy. Miralles-Caballero et al.
(2014) studied the Wolf-Rayet population of NGC 3310 by
spatially resolving 18 star-forming knots with typical sizes
of 200-300 pc in the disc of the galaxy hosting a substantial
population of Wolf-Rayet stars, which assuming metallicity-
dependent luminosities results to an integrated number of
more than 4000.
NGC 2276 has been extensively studied in the X-
rays. Chandra observations have shown that it hosts 16
ULXs (Wolter et al. 2011, 2015). Its diffuse X-ray mor-
phology shows several similarities to its optical morphol-
ogy with the shock-like feature along the west side and
a faint tail to the east side of NGC 2276 (Rasmussen,
Ponman, & Mulchaey 2006; Wolter et al. 2015) and
has temperatures of kT ∼ 0.3− 0.8 keV and luminosities
of L(0.3− 2.0 keV) = 1.9-18.0× 1039 erg s−1 for the main
body and the faint tail of the galaxy. Wolter et al. (2015)
using hydrodynamic simulations found that, though the pe-
riapsis passage of NGC 2276 and NGC 2300 ∼ 85 Myr ago
helped to produce tidal arms and thicken the gaseous disk,
these effects are marginal compared to the effects from ram-
pressure and viscous stripping of the galaxy by the IGM. In
the optical, the galaxy contains numerous HII regions (e.g.
Hodge & Kennicutt 1983; Davis et al. 1997) and supernovæ
(e.g. Iskudaryan & Shakhbazyan 1967; Dimai, Migliardi, &
Manzini 2005). Furthermore Mezcua et al. (2015) analysing
quasi-simultaneous Chandra X-ray observations and Euro-
pean VLBI Network radio observations, report an IMBH
candidate (NGC2276-3c) of 5 × 104M associated with a
Chandra source with L(0.3− 10.0 keV) = 5.5× 1039erg s−1.
These two galaxies due to their proximity, unique mor-
phology and large number of X-ray sources, are excellent
laboratories for studying the connection of XRBs and ULXs
with galaxy parameters like the SFR and the stellar mass,
even at sub-galactic scales. An investigation of the ULX
population in the interacting pair NGC 2207/IC 2163 Mineo
et al. (2013, 2014) showed that at sub-galactic scales the
number of ULXs and their luminosity scales with SFR in a
similar way as in galaxy-wide scales. However, they do find
tentative evidence for a dependence of the number (and pos-
sibly the luminosity) of ULXs on the FIR to UV luminosity
ratio, a proxy for the age of the stellar populations and dust
extinction. However it is unclear if this trend is the result of
local variations of the ULX population stemming from local
variations of the star formation history, or it is the result of
stochastic sampling of the X-ray binary luminosity function.
In this paper we use the available high quality data for
NGC 3310 and NGC 2276 in order to address two questions:
(a) the validity of the general relations between X-ray bina-
ries and star-forming activity (e.g. Lehmer et al. 2010; Mineo
et al. 2012a) to galaxies with large numbers of ULXs, and
(b) the validity of these galaxy-wide scaling relations to sub-
galactic scales. The structure of the paper is as follows: in
section 2 we describe the observation, the data analysis and
present our results. We discuss our results in section 3 and in
section 4 we summarize our findings. All errors correspond
to the 90% confidence interval unless otherwise stated.
2 OBSERVATION AND DATA ANALYSIS
In this work we use observations obtained with the ACIS-S
camera (Garmire 1997) on board the Chandra X-ray obser-
vatory (Weisskopf et al. 2000) for the galaxies NGC 3310 and
NGC 2276. The observations for NGC 3310 were performed
on January 15th 2003 (OBSID 2939; 47.16 ks) and October
22nd 2016 (OBSID 19891; 35.84 ks). A much shorter obser-
vation (10 ks; OBSID 16025) performed on the 11th of June
2014 is not included in our analysis since it will compli-
cate the analysis without improving the statistics. The ob-
servations for NGC 2276 were performed on June 23rd 2004
(OBSID 4968; 45.57 ks) and May 14th 2013 (OBSID 15648;
24.74 ks). Although detailed analysis of the first observa-
tion of NGC 2276 has already been presented (Rasmussen,
Ponman, & Mulchaey 2006; Wolter et al. 2011, 2015), we
re-analyse the data for consistency and to incorporate all
available data sets.
In our analysis we followed the same procedures de-
scribed in Anastasopoulou et al. (2016). We used the CIAO
data analysis suite version 4.8 and CALDB version 4.7.0 for
the analysis of the data. We first applied the latest cali-
bration data (using the acis process events tool) by repro-
cessing the Level-1 event files and then by filtering for bad
grades and status bits (using the dmcopy tool) we created
the Level-2 events files. We kept only grades=0, 2, 3, 4, 6
and status=0. The net exposure times after the removal of
background flares are for NGC 3310 : 46.67 ks (OBSID 2939)
and 35.84 ks (OBSID 19891) and for NGC 2276 : 44.29 ks
(OBSID 4968) and 21.15 ks (OBSID 15648).
We used the fluximage tool on the events-2 files with
binsize=1.0 for each OBSID for the creation of the images
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and the exposure maps in the broad (0.5-7.0 keV), soft (0.5-
1.2 keV), medium (1.2-2.0 keV), and hard (2.0-7.0 keV)
bands. We also created images (using the merge obs tool)
for the co-added exposure based on the two observations for
each galaxy. Additionally, we created sub-pixel resolution
images (binsize=0.2 ) in order to look at small-scale struc-
tures which helps to distinguish sources in crowded areas of
the galaxies. In order to measure the relative variation of
the effective area in different regions of each image, we nor-
malized all the exposure maps to the exposure of a reference
pixel at approximately the centre of the galaxy (c.f. Zezas
et al. 2006).
Finally we used the csmooth CIAO tool with a Gaussian
convolution kernel in order to create adaptively smoothed
images. We applied a minimum signal-to-noise ratio of 3
and a maximum of 5. We also used the scales of the broad
band in order to smooth the images in the soft, medium,
and hard bands. Figs. 1 and 2 show ‘true colour images”
for NGC 3310 and NGC 2276 respectively, where the soft,
medium, and hard band adaptively smoothed images are
show in red, green, and blue respectively. In these figures we
see a population of hard discrete sources revealed by their
blue colours, and soft, diffuse, emission shown in red.
2.1 Source Detection and Photometry
The source detection was performed, using the wavdetect
tool (Freeman et al. 2002), on the co-added exposure as well
as the individual observations. We searched in the broad
(0.5-7.0 keV), soft (0.5-1.2 keV), medium (1.2-2.0 keV), and
hard-band (2.0-7.0 keV) images for sources on scales of 2, 4,
8, 16, and 32 pixels for the images with binsize=0.2 (pixel
scale 0.0984 arcsec/pixel) and on scales of 2, 4, 8, and 16
pixels for the images with binsize=1.0 (with the native pixel
scale of 0.492 arcsec). In the sub-pixel image of NGC 3310 we
found two additional sources, more specifically sources 10,
11 and 19, 20 appeared as a single source in the binsize=1.0
image. No additional sources were found in the sub-pixel im-
age of NGC 2276. The final source list was created from the
combination of the source lists in each band in the individual
and the co-added observation. We found in total 37 sources
encompassed by NCG 3310 and 23 sources in NGC 2276. The
extent of NGC 2276 was defined as the D25 region reported
in the 3rd Reference Catalogue (RC3; de Vaucouleurs et al.
1991; Corwin et al. 1994). However, since the D25 region of
NGC 3310 reported in the RC3 was smaller than the optical
extent of the galaxy, we defined the outline of the galaxy on
the based on optical DSS images. This is parametrized as
an ellipse of semimajor axis 1.545′, semiminor axis 1.199′,
and position angle PA=180 deg centred on the nucleus of the
galaxy (RA= 10:38:45.8, Dec=+53:30:12).
For each source we performed aperture photometry us-
ing an elliptical aperture encompassing at least 90% of the
energy of a point source at 1.49 keV (based on a PSF map
calculated with mkpsfmap), while taking care to avoid emis-
sion from any nearby sources. The background was mea-
sured from an annulus with inner radius ∼ 1 pixel larger
than the source aperture and an outer radius (∼ 4-20 arc-
sec), excluding any encompassed sources. This way we avoid
contamination by the wings of the source PSF, and obtain
good count statistics for reliable photometry.
We used the dmextract tool to perform the photometry
on all the sources within the outline of each galaxy in the
individual, co-added exposures and each of the broad, hard,
medium, and soft bands. In more detail, following Zezas et
al. (2006), we measured the number of counts for each source
in each image, the corresponding background counts from a
“swiss-cheese” image from which all sources were removed,
and the relative effective area at the location of each source
with respect to the galaxy centre from the normalised expo-
sure map. The SNR for each source is calculated by prop-
agating the errors on the number of counts in the source
and background areas (see also Anastasopoulou et al. 2016).
Throughout this paper we adopt the (Gehrels 1986) approx-
imation for the errors on the number of counts. In Tables 1
and 2 we present the results of the photometric analysis in
the broad (0.5-7.0 keV) band for the 31 sources in NGC 3310
and the 19 sources in NGC 2276 with SNR > 3.0. respec-
tively.
2.2 Spectral Analysis
The specextract tool was used to extract source and back-
ground spectra of the discrete sources. The spectra for
sources with more than 50 net counts were grouped to have
at least 20 total counts per spectral bin in order to allow for
χ2 fitting. The spectral fits were performed with the XSPEC
v12.9.0 package (Arnaud 1996). In our analysis we consid-
ered only events in the 0.4 –8.0 keV range since events at
lower or higher energies are dominated by the background.
For sources with less than 50 net counts we grouped the
spectra to have at least 2-5 total counts per spectral bin
and the spectral fitting was performed using sherpa (Free-
man et al. 2001) with the wstat statistic. This is equivalent
to the XSPEC implementation of the Cash statistic where
the observed background data is added to the model and do
not have to be modelled
We fitted simultaneously the spectra from the two
separate observations (OBSID 2939 and OBSID 19891 for
NGC 3310; OBSID 4968 and OBSID 15648 for NGC 2276)
with all the model parameters apart from the normaliza-
tion tied together. The normalization for the spectrum from
each observation was left free to vary independently in order
investigate for source variability.
For NGC 3310 we used only the longer exposure (OB-
SID 2939) for sources 6, and 23. These two sources are diffuse
emission clumps and their significance in the shorter obser-
vation was very low (Table 3). Additionally fitting sources
1, 2, 21, and 26 simultaneously did not result in a good
fit statistic and left significant residuals indicating spectral
variability. Therefore we fitted the spectra for each OBSID
separately.
For NGC 2276, in nine cases (Sources 1, 3, 5, 9, 10, 14,
15, 17, and 19) we used only the longer exposure since the
very few counts of the shorter observation would not allow
for spectral fitting (Table 4). All sources in NGC 2276, and
all but 4 sources in NGC 3310 were fitted well with a single
power-law model with photoelectric absorption (model in
XSPEC: phabs×po). This model is generally used to fit the
spectra of X-ray binaries (XRBs). For the majority of the
sources, the best-fit photon indices are ∼ 1.7 − 2.0, consis-
tent with those of XRBs, while the hydrogen column density
is typically greater than the Galactic (NGC 3310: NGalH ∼
5.52×1020cm−2; NGC 2276: NGalH ∼ 1.11×1020cm−2; using
MNRAS 000, 1–25 (2016)
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Figure 1. Left: An adaptively smoothed true colour X-ray image of NGC 3310 , with the soft (0.5-1.2 keV), medium (1.2-2.0
keV), and hard band (2.0-7.0 keV) shown in red, green, and blue respectively. Right: A PanSTARRS colour image with
the y, i, and g bands shown in red, green, and blue respectively. The 31 sources with SNR > 3.0 are also overlaid on the
two images, with the numbers corresponding to the source-IDs in Table 1. Cyan and yellow circles indicate sources with
luminosities above and below 1039 erg s−1respectively (i.e. the ULX limit). The two images have the same scale.
Figure 2. Left: An adaptively smoothed true colour X-ray image of NGC 2276 , with the soft (0.5-1.2 keV), medium (1.2-2.0
keV), and hard band (2.0-7.0 keV) shown in red, green, and blue respectively. Right: A PanSTARRS colour image with
the y, i, and g bands shown in red, green, and blue respectively. The 19 sources with SNR > 3.0 are also overlaid on the
two images, with the numbers corresponding to the source-IDs in Table 2. Cyan and yellow circles indicate sources with
luminosities above and below 1039 erg s−1respectively (i.e. the ULX limit). The two images have the same scale.
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Table 1. Broad-band (0.5− 7.0 keV) photometry of the discrete sources in NGC 3310.
Src RA Dec r1 r2 Net counts±error Bkg S/N Net counts±error Bkg S/N Net counts±error Bkg S/N
ID h m s ◦ ′ ′′ ′′ ′′ OBSID 2939 OBSID 19891 co-added OBSIDs
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)
1 10:38:39.3 +53:31:35 0.95 0.94 74.6± 9.9 0.3 8.6 16.8± 5.2 0.2 3.2 90.5± 10.6 0.5 8.6
2 10:38:39.7 +53:30:53 1.13 0.78 62.7± 9.2 0.2 7.8 14.8± 5.0 0.2 3.0 74.5± 9.7 0.5 7.7
3 10:38:41.3 +53:28:45 0.98 1.00 21.6± 6.1 0.3 4.5 9.8± 4.3 0.2 2.3 29.4± 6.5 0.6 4.5
4 10:38:43.3 +53:31:02 1.13 0.96 945.6± 31.8 1.3 30.7 487.2± 23.1 0.8 21.1 1326.8± 37.5 2.2 35.4
5 10:38:43.9 +53:30:01 1.1 0.94 29.7± 8.2 8.2 4.3 18.5± 5.8 3.5 3.2 43.4± 8.5 11.6 5.1
6 10:38:43.9 +53:29:46 1.10 0.90 12.3± 5.5 1.6 3.1 −0.6± 1.9 0.6 -0.3 12.1± 4.8 1.9 2.5
7 10:38:44.5 +53:30:05 1.13 1.14 306.5± 20.2 26.4 16.1 86.7± 11.4 15.3 7.6 377.8± 22.1 48.2 17.1
8 10:38:44.6 +53:30:07 1.04 1.17 280.5± 19.7 29.4 15.2 87.5± 11.3 13.5 7.8 373.6± 21.6 41.4 17.3
9 10:38:44.7 +53:30:09 0.85 0.56 24.3± 7.9 8.6 3.7 17.7± 5.7 2.3 3.1 32.6± 8.0 12.4 4.1
10 10:38:44.8 +53:30:04 0.72 0.89 475.3± 24.2 26.6 20.6 125.8± 12.9 11.2 9.8 530.0± 25.0 36.0 21.2
11 10:38:44.9 +53:30:03 0.83 0.83 191.3± 16.9 25.6 12.2 82.0± 10.7 9.0 7.6 270.5± 18.9 37.5 14.3
12 10:38:45.0 +53:30:10 1.28 1.17 154.3± 15.6 24.6 10.8 43.0± 9.0 14.0 4.8 190.0± 16.5 36.0 11.5
13 10:38:45.2 +53:30:07 1.06 0.94 38.6± 11.5 31.3 3.8 20.7± 7.2 12.3 2.9 46.5± 11.7 47.5 4.0
14 10:38:45.4 +53:30:23 1.51 1.00 19.5± 7.8 10.4 3.0 8.3± 4.4 2.7 1.9 26.5± 7.4 13.5 3.6
15 10:38:45.4 +53:30:09 1.68 1.05 93.4± 15.3 50.5 6.7 53.7± 10.8 22.3 5.0 134.8± 16.9 75.2 8.0
16a 10:38:45.8 +53:30:12 1.10 0.95 1384.2± 39.8 53.7 35.8 312.0± 19.5 20.0 16.0 1587.6± 42.3 85.4 37.5
17 10:38:46.0 +53:30:04 1.04 1.02 1160.5± 36.2 34.4 33.0 351.4± 20.2 12.6 17.4 1438.4± 40.0 59.6 36.0
18 10:38:46.5 +53:30:38 0.96 0.94 307.6± 18.9 4.3 17.2 436.5± 22.1 6.5 19.8 681.2± 27.3 8.8 25.0
19 10:38:46.6 +53:30:13 0.96 0.89 205.7± 17.9 34.2 12.4 94.7± 11.8 13.3 8.0 288.6± 20.2 51.4 14.3
20 10:38:46.7 +53:30:13 0.81 0.86 381.4± 21.4 14.5 18.8 122.2± 12.6 7.8 9.7 482.9± 23.8 25.1 20.3
21 10:38:46.8 +53:30:07 1.40 1.05 143.8± 15.9 34.1 9.8 680.9± 27.8 22.1 24.5 780.7± 30.3 53.3 25.7
22 10:38:46.9 +53:30:33 1.43 1.08 80.5± 11.0 6.5 8.3 41.5± 7.9 4.5 5.3 118.3± 12.6 13.7 9.4
23 10:38:47.0 +53:30:16 1.37 0.72 27.9± 8.5 11.0 3.9 4.3± 4.8 7.7 0.9 29.2± 8.2 17.8 3.6
24 10:38:47.2 +53:30:28 0.97 0.94 825.1± 30.0 6.9 28.4 365.7± 20.2 3.3 18.1 1137.3± 34.9 12.7 32.5
25 10:38:47.2 +53:30:11 1.34 0.96 51.8± 10.4 15.1 5.7 20.5± 7.0 11.5 3.0 69.0± 10.7 19.0 6.5
26 10:38:47.7 +53:30:16 1.21 0.91 19.1± 7.4 7.8 3.2 9.3± 4.5 1.7 2.0 23.1± 7.0 9.9 3.3
27 10:38:48.6 +53:29:04 1.34 0.77 89.6± 10.7 0.4 9.4 45.8± 7.8 0.2 5.8 123.4± 12.2 0.6 10.1
28 10:38:49.7 +53:28:37 1.00 1.00 14.7± 5.4 0.3 3.7 14.8± 5.0 0.2 3.0 28.5± 6.5 0.5 4.4
29 10:38:50.2 +53:29:25 1.25 1.01 675.0± 27.1 0.9 25.9 460.4± 22.5 0.6 20.5 1109.3± 34.3 1.7 32.3
30 10:38:51.2 +53:29:27 1.14 0.86 31.5± 7.0 0.5 5.5 15.7± 5.1 0.3 3.1 43.1± 7.7 0.9 5.6
31 10:38:46.0 +53:30:40 0.94 0.94 11.0± 5.6 2.9 1.9 16.5± 5.2 0.5 3.2 24.1± 6.3 2.9 3.8
Column 1: the source identification number; columns 2 and 3: Right Ascension and Declination (J2000);
columns 4 and 5: the major and minor radius of the elliptical source apertures; column 6: net source counts
(and corresponding errors) for the longer (OBSID 2939) exposure; column 7: the estimated background
counts within the extraction aperture of each source for the longer (OBSID 2939) exposure; column 8: the
signal to noise ratio for the longer (OBSID 2939) exposure; columns 9, 10, 11: same as columns 6, 7, and 8
respectively but for the shorter exposure (OBSID 19891), column 12, 13, 14: same as columns 6, 7, and 8
respectively but for the co-added exposure.
a Nucleus of the galaxy; variable
the Colden tool1). For NGC 2276 sources 4 and 11 would
not allow for spectral fitting since they had very few counts.
The fit parameters for the 17 out of 19 sources of NGC 2276
for which we could perform spectral analysis are reported in
Table 4.v
For NGC 3310 source 16, which is the nucleus of the
galaxy, an absorbed power-law model gave a good fit
(χ2/dof = 123.2/74) and there was no sign for a FeKα emis-
sion line at 6.4 keV, in contrast to Tzanavaris & Georgan-
topoulos (2007) who report a line at 6.4 ± 0.1 keV with
equivalent width (EW) of 0.3 keV. In order to test if our
results are consistent with their work, we added a Gaussian
line to the model with energy and width fixed at 6.4 keV
and 0.1 keV respectively and normalisation free to vary. We
1 http://cxc.harvard.edu/toolkit/colden.jsp
found an EW of 0.23+0.43−0.23 keV which is consistent with the
EW of 0.3 keV reported in Tzanavaris & Georgantopoulos
(2007). Sources 5, 6, 9, and 23 gave a good fit only with
an absorbed thermal plasma model. Therefore we consider
these sources as diffuse emission clumps within the galaxy.
The fit results for the 31 sources in NGC 3310 are reported
in Table 3.
2.3 X-ray colours
In order to characterize the spectra of the sources with too
few counts for spectral analysis we calculated their X-ray
colours. For a consistency check with the results from the
spectral analysis we also calculated the X-ray colours for
the sources for which we performed spectral fits. The X-ray
colours are defined as C1 ≡ log10(S/M), C2 ≡ log10(M/H),
C3 ≡ log10(S/H) where S, M, and H are the net counts in the
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Table 2. Broad-band (0.5− 7.0 keV) photometry of the discrete sources in NGC 2276.
Src RA Dec r1 r2 Net counts±error Bkg S/N Net counts±error Bkg S/N Net counts±error Bkg S/N
ID h m s ◦ ′ ′′ ′′ ′′ OBSID 4968 OBSID 15648 co-added OBSIDs
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)
1 7:26:36.6 +85:45:36.9 0.8 0.6 19.6± 5.7 1.4 4.0 8.4± 4.1 0.6 2.5 27.9± 6.5 2.1 4.8
2 7:26:37.4 +85:45:34.4 1.6 1.5 415.5± 21.5 4.5 20.1 90.9± 10.7 2.1 9.2 504.5± 23.6 6.5 22.1
3 7:26:43.3 +85:44:59.8 1.8 1.7 38.2± 7.6 4.8 5.4 5.8± 4.0 2.2 1.6 43.7± 8.2 7.3 5.6
4 7:26:46.1 +85:45:47.9 1.1 0.9 3.2± 3.6 2.8 1.0 21.7± 5.9 1.3 4.2 24.6± 6.5 4.4 4.1
5 7:26:46.3 +85:45:38.2 1.6 1.4 34.9± 7.3 4.1 5.2 9.3± 4.4 1.7 2.4 45.3± 8.2 5.7 5.9
6a 7:26:47.9 +85:45:52.2 1.4 1.3 183.2± 14.9 9.8 12.8 80.3± 10.2 3.7 8.5 261.2± 17.6 14.8 15.3
7 7:26:48.2 +85:45:48.9 1.5 1.2 107.2± 11.7 6.8 9.7 161.4± 13.8 1.6 12.5 270.5± 17.7 7.5 15.9
8 7:26:48.2 +85:45:54.7 1.2 1.1 323.4± 19.2 7.6 17.5 143.1± 13.1 1.9 11.7 469.4± 22.9 10.6 21.1
9b 7:27:13.0 +85:45:16.8 1.5 1.6 19.5± 6.6 11.5 2.9 10.7± 5.1 5.3 2.2 32.6± 8.1 17.4 3.9
10 7:27:14.8 +85:46:11.4 1.0 0.9 10.6± 4.4 0.4 2.9 3.7± 3.2 0.3 1.5 14.3± 5.0 0.7 3.4
11 7:27:15.5 +85:45:54.7 1.7 1.2 7.0± 4.0 1.0 2.1 12.4± 4.7 0.6 3.2 21.4± 5.9 1.6 4.2
12 7:27:19.8 +85:46:32.6 1.5 1.1 14.6± 5.0 0.4 3.5 75.6± 9.8 0.4 8.6 89.2± 10.5 0.8 9.3
13 7:27:25.6 +85:45:25.8 1.2 1.2 58.9± 8.8 1.1 7.4 37.8± 7.2 0.2 6.0 96.6± 10.9 1.4 9.6
14 7:27:28.7 +85:45:11.0 1.2 1.1 15.3± 5.2 1.7 3.4 5.8± 3.8 1.2 1.8 21.1± 6.0 2.9 3.9
15 7:27:34.4 +85:44:57.7 1.1 0.8 9.7± 4.3 0.3 2.8 1.7± 2.7 0.3 0.8 10.5± 4.4 0.5 2.9
16 7:27:53.5 +85:46:09.0 1.3 1.5 51.5± 8.3 0.5 7.0 20.7± 5.7 0.3 4.3 72.2± 9.6 0.8 8.3
17 7:27:58.5 +85:44:37.7 1.5 1.2 22.5± 5.9 0.5 4.5 0.8± 2.3 0.2 0.5 23.3± 6.0 0.7 4.5
18 7:28:15.9 +85:44:36.1 1.1 1.2 29.7± 6.5 0.3 5.2 38.6± 7.3 0.4 6.0 66.5± 9.2 0.5 8.0
19 7:28:19.7 +85:44:28.0 1.5 0.9 13.2± 4.8 0.8 3.2 5.5± 3.6 0.5 1.9 18.9± 5.6 1.1 3.9
Column 1: the source identification number; columns 2 and 3: Right Ascension and Declination (J2000);
columns 4 and 5: the major and minor radius of the elliptical source apertures; column 6: net source counts
(and corresponding errors) for the longer (OBSID 4968) exposure; column 7: the estimated background
counts within the extraction aperture of each source for the longer (OBSID 4968) exposure; column 8: the
signal to noise ratio for the longer (OBSID 4968) exposure; columns 9, 10, 11: same as columns 6, 7, and 8
respectively but for the shorter exposure (OBSID 15648), column 12, 13, 14: same as columns 6, 7, and 8
respectively but for the co-added exposure.
a IMBH candidate; Mezcua et al. (2015)
b Nucleus of the galaxy
soft (0.5-1.2 keV), medium (1.2-2.0 keV), and hard (2.0-7.0
keV) bands.
We calculated the X-ray colours and their uncertain-
ties for the 31 sources in NGC 3310 and the 19 sources in
NGC2276, using the Bayesian Estimation of Hardness Ra-
tios2 tool Park et al. (2006, ; BEHR). This tool evaluates
the posterior probability distribution of the X-ray colours
given the measured number of counts in the source and
background apertures. As a result it provides reliable es-
timates and confidence limits even when either or both soft
and hard counts are very low. In addition it can account for
effective area differences between the sources or between ob-
servations. For this correction we used the average exposure
within the aperture of each source (based on the broad-band
exposure maps) normalized to the value at the center of each
galaxy. The resulting X-ray colours and their corresponding
90% confidence intervals, are presented in Tables 5 and 6 for
NGC 3310 and NGC 2276 respectively.
In order to estimate the spectral parameters of the X-
ray sources from their X-ray colours we created grids on
colour-colour plots and placed our sources on them. The
grids were calculated by simulating absorbed power-law
spectra for different values of the photon index (Γ) and the
hydrogen column density (NH) for a fiducial source at the
2 http://hea-www.harvard.edu/astrostat/behr/
centre of each galaxy, the reference position we normalized
the source counts to. Fig. 3 and 4 show the location of the
sources on the C2 − C1 grid for NGC 3310 and NGC 2276
respectively.
We see that the majority of the sources for OBSID
2939 of NGC 3310 fall on the region corresponding to
Γ ∼ 1.5− 2.5 and NH < 0.85× 1022cm−2, and for NGC 2276
on the region of Γ ∼ 1.5− 4.0 and NH < 0.85× 1022cm−2.
However there are 4 sources for OBSID 2939 of NGC 3310
(6,9,23,25), 11 sources for OBSID 19891 of NCG 3310 (1, 5,
6, 11, 13, 15, 25, 26, 28, and 31), 7 sources for OBSID 4968
of NGC 2276 (3, 9, 11, 13, 15, 17, and 19), and 9 sources for
OBSID 15648 of NGC 2276 (1, 3, 5, 11, 12, 13, 15, 17, and
18) that fall outside the grid.
In the case of NGC 3310 sources 5, 6, 9, and 23 are
diffuse emission sources and therefore are not expected to
be consistent with a grid based on a power-law model with
Γ ∼ 0− 4. For OBSID 2939, source 25 appears also to be
very soft and with a high hydrogen column density and its
spectrum, although of low quality, agrees with that values.
For OBSID 2939 the remaining sources that are out of the
grid agree within the errors with the expected values from
the spectral parameters (see Table 10).
For NGC 2276 sources 11, 13, and 15 for both OBSIDS,
and sources 1, 5 for OBSID 15648 are positioned above the
grid indicating relatively soft spectra (Γ > 3), after account-
ing for the uncertainties on the colours. Source 17 for both
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Table 3. NGC 3310 spectral parameters based on spectral fits.
Src ID Γ kT NH χ
2 (dof) Binning Binning
keV 1022cm−2 OBSID 2939 OBSID 19891
(1) (2) (3) (4) (5) (6) (7)
1 1.76+0.84−0.37 - 0.06
+0.25
−0.05 0.4 (1) 20 -
1 3.26+2.88−1.73 - 0.69 6 1.2 6.2 (6) - 2
2 2.78+2.66−1.09 0.26
+0.58
−0.26 1.1 (1) 20 -
2 3.51+2.85−1.88 - 0.96 6 2.12 13.6 (6) - 2
3 2.21+1.45−1.1 - 0.45 6 0.68 4.4 (7) 5 5
4 2.35+0.2−0.18 - 0.1
+0.05
−0.05 60.0 (57) 20 2
5 - 2.06+2.36−1.71 0.12 6 1.52 18.2 (16) 5 2
6 - 0.99+0.37−0.90 0.11 6 1.25 1.5 (4) 2 -
7 2.1+0.35−0.31 - 0.35
+0.15
−0.13 12.5 (16) 20 20
8 2.49+0.44−0.38 - 0.9
+0.32
−0.24 13.5 (15) 20 20
9 - 1.45+5.8−0.46 1.19
+0.71
−1.08 31.8 (13) 5 2
10 1.44+0.29−0.26 - 0.74
+0.27
−0.21 17.6 (26) 20 20
11 1.6+0.4−0.36 - 0.2
+0.17
−0.14 6.7 (10) 20 20
12 2.45+0.53−0.48 - 0.28
+0.19
−0.15 60.5 (31) 20 5
13 4.26+3.17−1.78 - 0.45 6 0.72 15.0 (14) 20 5
14 2.94+3.62−1.22 - 2.5
+5.96
−1.9 25.3 (18) 2 2
15 3.11+1.57−1.01 - 1.84
+1.76
−1.2 51.3 (39) 20 2
16 1.4+0.16−0.15 - 0.54
+0.11
−0.09 123.2 (74) 20 20
17 1.94+0.17−0.16 - 0.61
+0.11
−0.09 69.2 (65) 20 20
18 1.86+0.23−0.21 - 0.29
+0.12
−0.1 51.1 (31) 20 20
19 1.85+0.5−0.43 - 0.6
+0.32
−0.23 9.5 (11) 20 20
20 1.8+0.44−0.39 - 1.8
+0.55
−0.44 15.9 (20) 20 20
21 2.42+1.02−0.52 0.11
+0.19
−0.08 2.4 (6) 20 -
21 1.77+0.25−0.23 0.36
+0.16
−0.14 20.5 (32) - 20
22 1.96+0.61−0.52 - 0.22
+0.28
−0.21 8.3 (5) 20 15
23 - 1.85+1.45−1.81 0.11 6 1.89 12.2 (5) 5 -
24 2.0+0.18−0.17 - 0.29
+0.08
−0.08 61.9 (51) 20 20
25 3.89+1.57−1.2 - 3.12
+1.7
−1.25 46.4 (27) 5 2
26 2.83+3.00−1.62 - 0.50 6 1.35 0.7 (3) 5 -
26 2.24+1.50−1.13 - 0.11 6 0.45 7.1 (3) - 2
27 2.29+0.67−0.54 - 0.16
+0.26
−0.16 8.5 (5) 20 15
28 2.49+1.6−0.81 - 0.18 6 0.48 7.0 (8) 5 2
29 1.79+0.18−0.17 - 0.13
+0.07
−0.06 40.4 (47) 20 20
30 3.39+1.37−1.1 - 0.47
+0.39
−0.32 23.5 (12) 5 2
31 2.5+0.93−0.57 - 0.11 6 0.17 16.1 (13) 2 2
Column 1: source ID; column 2: photon index Γ from spectral fitting; column 3: thermal
plasma model temperatures (kT); column 4: line-of-sight hydrogen column density (NH);
column 5: χ2 of the spectral fit and corresponding degrees of freedom (d.o.f); and columns
6 and 7: spectral binning for OBSIDs 2939 and 19891 respectively.
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Table 4. NGC 2276 spectral parameters based on spectral fits.
Γ NH χ
2 (dof) Binning Binning
1022cm−2 OBSID 4968 OBSID 15648
(1) (2) (3) (4) (5) (6)
1 6.43+9.09−3.96 0.78 6 0.96 0.009 (2) 5 -
2 2.18+0.28−0.31 0.60
+0.14
−0.12 21.7 (21) 20 20
3 1.16+0.60−0.50 0.05 6 0.17 4.5 (6) 5 2
4 - - - - -
5 3.00+2.27−1.33 0.45
+0.62
−0.39 2.3 (5) 5 2
6 1.81+0.40−0.35 0.21
+0.16
−0.13 9.7 (11) 20 20
7 1.73+0.52−0.45 1.17
+0.55
−0.43 15.4 (11) 20 20
8 2.22+0.25−0.28 0.56
+0.16
−0.13 39.6 (21) 20 20
9 4.39+7.20−2.68 0.62 6 1.38 7.6 (4) 5 -
10 8.50+27.66−5.70 1.09 6 0.64 3.3 (3) 2 -
11 - - - - -
12 2.52+0.60−0.57 0.11 6 0.16 91 (14) 5 2
13 4.68+1.40−1.16 0.50
+0.29
−0.24 9.3 (16) 5 2
14 2.27+2.28−1.30 0.29 6 0.94 0.9 (1) 5 -
15 5.04+6.36−3.16 0.74 6 1.42 3.3 (3) 2 -
16 2.59+0.86−0.75 0.43
+0.31
−0.26 22.2 (12) 5 2
17 0.35+1.32−1.41 1.01 6 4.09 0.7 (2) 5 -
18 1.69+0.71−0.36 0.06 6 0.26 16.8 (10) 5 2
19 1.62+1.82−1.41 0.26 6 0.81 1.4(4) 2 -
Column 1: source ID; column 2: photon index Γ from spectral fitting; column 3:
thermal plasma model temperatures (kT); column 4: line-of-sight hydrogen column
density (NH); column 5: χ
2 of the spectral fit and corresponding degrees of freedom
(d.o.f); and columns 6 and 7: spectral binning for OBSIDs 4968 and 15648 respec-
tively.
OBSIDs and source 19 for OBSID 4968 appear to have hard
spectra and moderate absorption, therefore, their position
at the lower right (“softer colour”) corner of the diagram
could be attributed to an additional soft component (e.g.
local diffuse emission) which cannot be recovered spectrally
due to the poor quality of their spectra. Sources 3 and 9 for
OBSID 4968 seem to have photon indices of about 0.7 and
2.5 respectively but very low absorption. Very low absorp-
tion also show sources 3, 12, and 18 with photon indices of
1.5, 1.7, and 0.8 respectively. For the rest of the sources we
estimate their spectral parameters based on their location
on the grid and we present these estimates in Tables 3 and
4.
We compared the X-ray colour based spectral parame-
ters, to those calculated from the spectral fits (Fig. 5 and
Fig.6), and we found that they agree well within the errors.
We did not include sources not fitted with a single absorbed
power-law model as well as for the sources not falling on the
grids.
2.4 Fluxes and luminosities of the discrete
sources.
Following our spectral analysis (Section 2.2) the flux and
corresponding luminosity for each source was calculated by
integrating the best-fit models (Tables 3 and 4). The errors
on the fluxes are estimated by drawing model parameter val-
ues from their best-fit joint distribution and calculating the
flux corresponding to the model for each set of draws. Then,
the resulting fluxes are ordered and the central 90% is se-
lected to give the error range. The errors on the luminosities
were calculated by propagating the errors on the fluxes.
For sources 1, 3, 5, 9, 10, 14, 15, 17, and 19 of the
shorter observation of NGC 2276 (OBSID 15648), since they
had very few counts, we calculated the fluxes and luminosi-
ties (bottom section of 9) as follows. For each source we
calculated the count-rate-to-flux conversion factor for each
of the three bands based on the best-fit spectral model from
the longer observation and the ancillary response file (ARF)
from the second, shorter, observation. The errors on the cor-
responding flux and luminosity were calculated by simply
propagating the errors on the number of observed counts in
the second observation.
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Table 5. NGC 3310 X-ray colours of the discrete sources.
OBSID 2939 OBSID 19891
Src ID C1 C2 C3 Γ NH C1 C2 C3 Γ NH
1022cm−2 1022cm−2
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
1 0.04± 0.19 0.18± 0.22 0.23+0.22−0.21 2.2 0.20 −0.55+0.44−0.47 0.56+0.5−0.46 0.01+0.6−0.59 4.5 1.0
2 0.31± 0.21 0.19± 0.28 0.51+0.25−0.24 2.0 0.011 −0.76+0.76−0.84 −0.12± 0.39 −0.88+0.73−0.84 2.0 0.9
3 −0.3+0.38−0.4 0.16+0.36−0.35 −0.13+0.42−0.43 2.5 0.60 −0.65+0.73−0.8 0.11+0.5−0.48 −0.54+0.76−0.84 2.7 0.9
4 0.29± 0.05 0.24± 0.07 0.53± 0.07 2.2 0.1 −0.12± 0.07 0.3+0.09−0.08 0.18± 0.09 2.7 0.30
5 0.03± 0.33 0.58+0.56−0.5 0.62+0.56−0.54 4.0 0.60 0.28+0.56−0.52 −0.21+0.54−0.54 0.08± 0.43 ∼ 0.7 -
6 1.03+1.07−0.8 −0.27+1.15−1.38 0.74+0.75−0.64 - - 0.0± 2.22 0.0± 2.22 0.0± 2.22 ∼ 1.5 -
7 −0.09± 0.11 0.11± 0.1 0.02± 0.11 2.0 0.30 −0.23+0.21−0.22 0.18± 0.21 −0.04± 0.24 2.5 0.3
8 −0.52± 0.16 0.11+0.1−0.09 −0.4± 0.16 2.5 0.90 −1.18+0.72−1.28 −0.01± 0.16 −1.18+0.71−1.29 3.5 2.0
9 −0.79+0.75−1.28 0.54+0.42−0.39 −0.27+0.89−1.36 - - 0.0± 1.21 −0.63+0.62−0.83 −0.63+0.62−0.83 - -
10 −0.51+0.13−0.14 −0.22± 0.07 −0.73± 0.13 1.2 0.60 −0.81+0.39−0.47 −0.21± 0.14 −1.01+0.39−0.47 1.7 0.9
11 0.05± 0.14 −0.04+0.14−0.13 0.0± 0.14 1.2 0.011 −0.07± 0.22 −0.06+0.2−0.19 −0.13± 0.21 ∼ 1.5 -
12 0.06± 0.15 0.21± 0.16 0.27± 0.17 2.2 0.25 −0.25+0.39−0.44 0.26+0.29−0.29 0.01+0.41−0.46 2.7 0.4
13 0.19+0.42−0.43 0.43
+0.56
−0.52 0.62
+0.6
−0.56 3.0 0.30 0.85
+1.29
−0.79 0.04
+1.13
−1.5 0.9
+0.7
−0.63 ∼ 1.5 -
14 −0.27+0.99−1.49 −0.43+0.47−0.52 −0.71+0.81−1.3 0.25 0.1 −1.11+1.15−1.64 0.11+0.55−0.54 −0.99+1.15−1.64 4.0 2.0
15 −0.19+0.34−0.41 0.03± 0.19 −0.16+0.35−0.41 1.7 0.35 −0.04+0.56−0.63 −0.28+0.32−0.35 −0.32+0.41−0.52 ∼ 0.7 -
16 −0.39± 0.06 −0.09± 0.04 −0.48± 0.06 1.5 0.5 −0.6+0.3−0.33 −0.63+0.11−0.12 −1.23+0.27−0.32 0.0 0.13
17 −0.32± 0.06 −0.04± 0.05 −0.37± 0.06 1.7 0.45 −0.42+0.11−0.12 0.02+0.09−0.08 −0.4± 0.12 2.0 0.45
18 −0.07± 0.1 0.11± 0.1 0.04+0.1−0.11 2.0 0.30 −0.48± 0.11 −0.05+0.08−0.07 −0.53± 0.11 1.7 0.45
19 −0.36± 0.18 0.02± 0.12 −0.34± 0.18 2.0 0.60 −1.25+0.72−1.29 −0.04± 0.16 −1.29+0.72−1.29 3.5 2.0
20 −1.13+0.42−0.58 −0.42+0.08−0.09 −1.54+0.41−0.59 1.0 1.6 −1.07+0.56−0.91 −0.2± 0.14 −1.28+0.56−0.91 2.2 1.5
21 0.35± 0.16 0.3+0.25−0.24 0.65+0.24−0.22 2.4 0.011 −0.41+0.08−0.09 −0.03± 0.06 −0.43± 0.08 1.7 0.35
22 0.12+0.21−0.2 −0.02± 0.21 0.1± 0.2 1.2 0.011 −0.51+0.42−0.46 −0.04+0.24−0.26 −0.55+0.4−0.46 1.7 0.45
23 0.51+0.5−0.44 0.8
+1.64
−1.07 1.34
+1.45
−0.92 4.5 0.23 0.3
+1.84
−1.6 0.5
+2.07
−1.95 0.8
+2.03
−1.68 3.2 0.01
24 −0.04± 0.06 0.1± 0.06 0.06± 0.06 1.8 0.23 −0.36+0.1−0.11 0.07± 0.08 −0.28± 0.11 2.2 0.35
25 −1.76+1.07−1.57 0.05+0.2−0.21 −1.72+1.11−1.57 - - −0.08+1.81−1.77 −0.85+0.79−1.32 −0.93+0.78−1.26 - -
26 −0.3+0.66−0.89 0.35+0.54−0.52 0.05+0.83−1.02 3.5 0.84 0.11+1.01−1.11 −0.34+0.74−0.78 −0.23+0.83−1.02 ∼ 0.5 -
27 −0.03+0.16−0.17 0.42± 0.22 0.38± 0.22 3.2 0.55 −0.08± 0.26 0.06+0.25−0.26 −0.03+0.26−0.27 1.7 0.01
28 0.08+0.43−0.44 0.11
+0.48
−0.5 0.17
+0.48
−0.47 1.7 0.13 0.24
+0.46
−0.44 0.01
+0.51
−0.52 0.26± 0.46 ∼ 1.5 -
29 0.08± 0.06 0.12± 0.07 0.2± 0.07 1.7 0.13 −0.21± 0.09 −0.06± 0.08 −0.26± 0.09 1.5 0.13
30 0.03+0.27−0.28 0.42
+0.4
−0.38 0.46
+0.39
−0.38 3.2 0.45 0.07
+0.4
−0.39 0.32
+0.55
−0.54 0.39
+0.54
−0.52 2.7 0.13
31 0.05+0.58−0.59 0.56
+1.26
−0.91 0.62
+1.33
−0.97 3.7 0.50 0.12
+0.44
−0.43 −0.01± 0.46 0.12± 0.43 ∼ 1.5 -
Column 1: Source ID; columns 2, 3, 4, 7, 8, and 9: X-ray colours, and their corresponding uncertainties for
OBSIDs 2939 and 19891, defined as C1 = log10(S/M), C2 = log10(M/H), C3 = log10(S/H) where S, M,
and H are the net counts in the soft (0.5-1.2 keV), medium (1.2-2.0 keV), and hard (2.0-7.0 keV) bands
respectively (see text for details). Columns 5, 6, 10, and 11: photon index Γ and hydrogen column density
NH based on the X-ray colours for OBSIDs 2939 and 19891.
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Figure 3. Colour-colour diagram for the X-ray sources detected in NGC 3310 showing the colours
(left) and corresponding errors (right) for OBSID 2939 (top) and OBSID 19891 (bottom). The source
numbers refer to the source ID in Table 1. A grid showing the expected colours for absorbed power-
law spectra is also overlaid. The value of the photon index and the hydrogen column density (in
units of 1022 cm−2) are shown at the edge of the grid.
Figure 4. Colour-colour diagram for the X-ray sources detected in NGC 2276 showing the colours
(left) and corresponding errors (right) for OBSID 4968 (top) and OBSID 15648 (bottom). The source
numbers refer to the source ID in Table 2. A grid showing the expected colours for absorbed power-
law spectra is also overlaid. The value of the photon index and the hydrogen column density (in
units of 1022 cm−2) are shown at the edge of the grid.
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Figure 5. Comparison of the photon index (left) and H i column density (NH; right) determined
from the X-ray colours and spectral fits with an absorbed power-law model. Top and bottom rows
correspond to the long (OBSID 2939) and short (OBSID 19891) observations of NGC 3310. The blue
solid line shows the 1:1 line. The numbers indicate the source IDs.
Figure 6. Comparison of the photon index (left) and H i column density (NH; right) determined
from the X-ray colours and spectral fits with an absorbed power-law model. Top and bottom rows
correspond to the long (OBSID 4968) and short (OBSID 15648) observations of NGC 2276. The blue
solid line shows the 1:1 line. The numbers indicate the source IDs.
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Table 6. NGC 2276 X-ray colours of the discrete sources.
OBSID 4968 OBSID 15648
Src ID C1 C2 C3 Γ NH C1 C2 C3 Γ NH
1022cm−2 1022cm−2
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
1 0.31+0.40−0.39 0.31
+0.63
−0.60 0.62
+0.58
−0.52 2.3 0.1 −0.55+0.72−0.86 0.84+1.11−0.88 0.27+1.45−1.3 - 1.0
2 −0.33+0.09−0.1 0.11± 0.08 −0.22± 0.1 2.2 0.5 −0.31+0.22−0.21 −0.02± 0.17 −0.32+0.21−0.22 1.7 0.3
3 0.2+0.34−0.35 −0.24+0.31−0.34 −0.04+0.28−0.29 0.7 - 0.11+1.26−1.41 0.05+1.34−1.26 0.15+1.42−1.46 1.5 -
4 −0.34+1.22−1.68 0.42+1.56−1.18 0.07+1.87−1.98 4.0 0.85 −0.62+0.6−0.77 0.15± 0.34 −0.46+0.63−0.79 3.0 0.9
5 −0.21+0.3−0.31 0.47+0.39−0.36 0.26± 0.42 4.0 0.8 −0.36+0.72−0.91 0.8+1.15−0.88 0.42+1.53−1.34 - 0.9
6 0.0± 0.13 0.03+0.14−0.13 0.04± 0.14 1.5 0.13 −0.23+0.21−0.22 0.04± 0.19 −0.19± 0.22 1.8 0.3
7 −0.98+0.58−0.95 −0.25± 0.15 −1.23+0.58−0.94 2.0 1.2 −0.97+0.31−0.32 −0.27± 0.12 −1.23+0.3−0.32 1.7 1.0
8 −0.27± 0.11 0.02± 0.09 −0.26± 0.11 1.9 0.45 −0.37± 0.17 0.03± 0.13 −0.34± 0.17 2.0 0.45
9 0.58+0.6−0.56 0.31
+0.99
−0.96 0.88
+0.88
−0.76 2.2 - 0.16
+0.81
−0.79 0.54
+1.56
−1.1 0.7
+1.56
−1.07 3.5 0.1
10 0.0+0.62−0.6 0.5
+1.15
−0.92 0.5
+1.15
−0.92 3.5 0.5 −0.31+0.99−1.15 0.34+1.26−1.03 0.04+1.49−1.42 3.5 0.6
11 −0.27+0.73−0.84 0.68+1.30−0.91 −0.42+1.57−1.26 ∼4.5 0.85 −0.96+0.84−1.15 0.34+0.5−0.47 −0.61+0.96−1.22 - 2.0
12 −0.16± 0.23 0.26± 0.25 0.09+0.28−0.27 2.6 0.45 0.27± 0.19 0.12± 0.24 0.39± 0.21 1.7 -
13 0.19± 0.19 0.9+0.55−0.47 1.1+0.54−0.47 ∼5.0 0.5 0.09± 0.24 0.9+0.59−0.52 0.99+0.58−0.52 - 0.6
14 −0.11+0.51−0.54 0.09± 0.46 −0.03± 0.55 2.0 0.3 −0.36+0.95−1.25 0.28+1.01−0.89 −0.09+1.37−1.53 3.0 0.6
15 −0.09+0.48−0.5 0.73+1.03−0.84 0.61+1.07−0.84 ∼4.5 0.8 −0.04+1.26−1.3 0.65+1.91−1.53 0.61+1.99−1.61 - 0.6
16 −0.15+0.56−0.58 0.57+0.92−0.76 0.42+0.96−0.84 ∼4.0 0.8 −0.17+0.38−0.38 0.2± 0.39 0.03+0.42−0.43 2.0 0.3
17 0.57+0.96−0.88 −1.22+0.69−0.92 −0.67+0.4−0.44 2.0 - 0.0± 2.22 −0.61+1.61−1.99 −0.61+1.61−1.99 - -
18 −0.11+0.3−0.31 0.27± 0.34 0.15+0.36−0.34 2.6 0.45 −0.04± 0.32 −0.22+0.27−0.28 −0.26± 0.28 0.8 -
19 1.03+1.57−1.11 −0.8+1.11−1.64 0.21± 0.62 - - 0.0+0.81−0.81 0.19+1.28−1.05 0.19+1.28−1.05 2.2 0.1
Column 1: Source ID; columns 2, 3, 4, 7, 8, and 9: X-ray colours, and their corresponding uncertainties for
OBSIDs 4968 and 15648, defined as C1 = log10(S/M), C2 = log10(M/H), C3 = log10(S/H) where S, M,
and H are the net counts in the soft (0.5-1.2 keV), medium (1.2-2.0 keV), and hard (2.0-7.0 keV) bands
respectively (see text for details). Columns 5, 6, 10, and 11: photon index Γ and hydrogen column density
NH based on the X-ray colours for OBSIDs 4968 and 15648.
Also for the calculation of the luminosities of NGC 2276
sources 4 and 11 for both OBSIDs, for which we could not
perform spectral analysis, we used the best-fit model of
source 6 which is a typical model for XRBs. We used the
ARFs of each observation to calculate the count-rate-to-flux
conversion. The flux and luminosity errors were calculated
by propagating the count-rate errors.
The observed and absorption corrected luminosities in
the broad (0.3− 10.0 keV), soft (0.3− 2.0 keV), and hard
(2.0− 10.0 keV) bands are presented in Tables 7 and 8 for
NGC 3310 and Table 9 for NGC 2276. The limiting lumi-
nosity is 1.0× 1038 erg s−1 and for both galaxies. Here we
only present data for the individual exposures because of
the long time span between the observations of each galaxy
which results in difference instrumental sensitivity. We note
that there are no sources detected at above the 3σ level in
the co-added exposure, therefore, Tables 7 to 9 include all
significant sources. We find 14 ULXs for NGC 3310 and 11
ULXs for NGC 2276 reaching luminosities in the broad band
(0.3− 10 keV) of 1.5× 1040 erg s−1 and 2.1× 1040 erg s−1
respectively. Adopting the distance of 32.9 Mpc reported in
Wolter et al. (2015), for NGC 2276, results in a luminosity
change of ∼ 40% and a total number of 8 ULXs. We es-
timated the contamination from background sources using
the logN-logS distribution of Kim et al. (2007). We find that
within the outline of each galaxy, at the detection limit of
f(0.5− 8.0 keV) = 2.5× 10−15erg cm−2 s−1, ∼ 1.6 sources
are expected to be background sources.
We note here that the number of counts, flux, and
luminosity of the nuclear region (Src 9) in NGC 2276 re-
ported in Tables 2 and 9, correspond to a region consistent
with a point-like source. We used this small region in or-
der to extract a conservative estimate of a nuclear X-ray
source (e.g. an XRB or an AGN). We have also measured
the flux from the full extent of the nuclear region using
an elliptical aperture with major and minor radius of 7.5
and 6.3 arcsecs (consistent with the nuclear region in in-
frared images; Spitzer 8 microns) respectively, which cor-
respond to a physical scale of about 1.5 kpc for the ma-
jor axis. We calculated the net counts for both OBSIDs as
well as for the co-added observation. We found that the ex-
tended nuclear region has 113.0 ± 13.8, 67.2 ± 10.2, and
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Table 7. NGC 3310 observed and absorption-corrected fluxes and luminosities (OBSID 2939).
Src fxobs(fcorrx ) fx
obs(fcorrx ) fx
obs(fcorrx ) L
obs
x (L
corr
x ) L
obs
x (L
corr
x ) L
obs
x (L
corr
x )
ID (0.3− 10.0 keV) (0.3− 2.0 keV) (2.0− 10.0 keV) (0.3− 10.0 keV) (0.3− 2.0 keV) (2.0− 10.0 keV)
10−14 erg s−1 cm−2 10−14 erg s−1 cm−2 10−14 erg s−1 cm−2 1039 erg s−1 1039 erg s−1 1039 erg s−1
(1) (2) (3) (4) (5) (6) (7)
1 1.3+0.4−0.6 (1.5) 0.5
+0.1
−0.3 (0.6) 0.8
+0.4
−0.5 (0.8) 0.8
+0.2
−0.4 (0.9) 0.3
+0.1
−0.2 (0.4) 0.5± 0.3 (0.5)
2 0.7+0.3−0.8 (2.0) 0.4
+0.1
−0.4 (1.7) 0.3± 0.3 (0.4) 0.5+0.2−0.5 (1.2) 0.3+0.1−0.3 (1.0) 0.2± 0.2 (0.2)
3 0.5+3.8−0.4 (0.7) 0.1
+0.3
−0.1 (0.4) 0.3
+4.4
−0.3 (0.3) 0.3
+2.1
−0.2 (0.4) 0.1
+0.2
−0.1 (0.2) 0.2
+2.4
−0.2 (0.2)
4∗ 12.0+1.2−1.1 (17.3) 6.7+0.6−0.5 (11.8) 5.4± 0.8 (5.4) 6.7+0.7−0.6 (9.7) 3.7± 0.3 (6.6) 3.0± 0.5 (3.1)
5† 0.1+0.2−0.1 (0.4) 0.1+0.2−0.1 (0.3) 0.0 0.1± 0.1 (0.2) 0.1± 0.1 (0.2) 0.0
6† 0.04+0.06−0.03 (0.09) 0.03+0.06−0.03 (0.09) 0.0 0.02+0.04−0.02 (0.05) 0.02+0.03−0.01 (0.05) 0.0
7∗ 5.2± 0.9 (9.0) 1.6± 0.2 (5.3) 3.6+0.9−0.8 (3.8) 2.9± 0.5 (5.0) 0.9± 0.1 (2.9) 2.0± 0.5 (2.1)
8∗ 5.5+0.8−1.1 (17.4) 1.4+0.1−0.3 (12.8) 4.1+0.7−1.0 (4.6) 3.1+0.5−0.6 (9.7) 0.8± 0.1 (7.2) 2.3+0.4−0.5 (2.6)
9† 0.4+0.3−0.2 (1.5) 0.2+0.2−0.1 (1.3) 0.2± 0.2 (0.3) 0.2+0.2−0.1 (0.9) 0.1± 0.1 (0.7) 0.1± 0.1 (0.2)
10∗ 15.9+1.9−2.5 (21.7) 1.7± 0.2 (6.7) 14.2+1.8−2.3 (15.0) 8.9+1.0−1.4 (12.1) 0.9± 0.1 (3.7) 7.9+1.0−1.3 (8.4)
11∗ 4.2± 0.1 (5.2) 1.0± 0.2 (1.9) 3.2± 0.9 (3.3) 2.4± 0.5 (2.9) 0.6± 0.1 (1.1) 1.8± 0.5 (1.8)
12∗ 2.1+2.1−1.2 (4.3) 0.9+0.7−0.5 (3.1) 1.1+1.7−0.7 (1.2) 1.2+1.2−0.7 (2.4) 0.5+0.4−0.3 (1.8) 0.6+0.9−0.4 (0.7)
13 0.8+23.1−0.8 (1.0) 0.2
+0.5
−0.2 (0.9) 0.2
+3.2
−0.2 (0.2) 0.5
+13.0
−0.4 (0.6) 0.1
+0.3
−0.1 (0.5) 0.1
+1.8
−0.1 (0.1)
14 0.4+85.4−0.4 (4.0) 0.2
+0.3
−0.1 (3.5) 0.2
+32.8
−0.3 (0.5) 0.2
+47.8
−0.2 (2.2) 0.1
+0.2
−0.1 (1.9) 0.1
+18.3
−0.1 (0.3)
15∗ 2.2+18.0−2.0 (16.0) 0.4+2.1−0.4 (14.3) 1.5+15.0−1.4 (1.6) 1.2+10.1−1.1 (8.9) 0.2+1.2−0.2 (8.0) 0.8+8.4−0.8 (0.9)
16a 42.9+3.3−3.7 (55.6) 5.3
+0.3
−0.4 (16.4) 37.6
+3.5
−3.6 (39.2) 24.0
+1.9
−2.1 (31.1) 2.9± 0.2 (9.2) 21.1+2.0−2.0 (21.9)
17∗ 25.9+2.0−2.2 (45.3) 5.2± 0.3 (23.3) 20.8+1.8−2.2 (22.0) 14.5+1.1−1.3 (25.4) 2.9± 0.2 (13.1) 11.6+1.0−1.2 (12.3)
18∗ 5.9± 0.8 (8.6) 1.6± 0.2 (4.1) 4.3± 0.7 (4.5) 3.3+0.5−0.4 (4.8) 0.9± 0.1 (2.3) 2.4± 0.4 (2.5)
19∗ 5.0+0.9−1.3 (8.2) 0.9+0.1−0.2 (3.9) 4.1+0.9−1.2 (4.3) 2.8+0.5−0.8 (4.6) 0.5± 0.1 (2.2) 2.3+0.5−0.7 (2.4)
20∗ 14.3+1.6−3.7 (28.2) 1.0+0.1−0.3 (12.8) 13.3+1.9−3.6 (15.5) 8.0+0.9−2.1 (15.8) 0.6± 0.1 (7.2) 7.4+1.1−2.0 (8.7)
21∗ 1.8+0.5−0.6 (2.6) 1.1+0.2−0.5 (1.9) 0.7+0.5−0.4 (0.7) 1.1+0.3−0.4 (1.6) 0.7+0.1−0.3 (1.1) 0.4+0.3−0.2 (0.4)
22 1.4+0.4−0.5 (2.0) 0.5
+0.1
−0.2 (1.1) 0.9± 0.4 (1.0) 0.8+0.2−0.3 (1.1) 0.3± 0.1 (0.6) 0.5± 0.2 (0.5)
23† 0.3+0.4−0.3 (0.3) 0.2+0.4−0.2 (0.2) 0.1+0.2−0.1 (0.1) 0.2± 0.2 (0.2) 0.1+0.2−0.1 (0.1) 0.05+0.14−0.05 (0.05)
24∗ 14.0± 1.3 (21.9) 4.3± 0.3 (11.9) 9.7± 1.3 (10.0) 7.9± 0.7 (12.3) 2.4± 0.2 (6.7) 5.5± 0.7 (5.6)
25 1.7+11.7−1.5 (63.6) 0.3
+1.5
−0.3 (62.0) 1.2
+11.4
−1.1 (1.7) 0.9
+6.5
−0.9 (35.6) 0.2
+0.8
−0.1 (34.7) 0.7
+6.4
−0.6 (0.9)
26 0.3+3.5−0.3 (1.1) 0.1
+0.7
−0.1 (0.9) 0.2
+5.0
−0.2 (0.2) 0.2
+2.1
−0.2 (0.6) 0.1
+0.4
−0.1 (0.5) 0.1
+3.0
−0.1 (0.1)
27 1.2± 0.4 (1.9) 0.6+0.1−0.2 (1.2) 0.6± 0.3 (0.6) 0.7± 0.2 (1.0) 0.3± 0.1 (0.7) 0.3+0.2−0.1 (0.4)
28 0.3+13.1−0.3 (1.5) 0.1
+0.7
−0.1 (1.5) 0.1
+6.8
−0.1 (0.1) 0.2
+7.3
−0.2 (0.9) 0.1
+0.4
−0.1 (0.8) 0.1
+3.8
−0.1 (0.0)
29∗ 12.2± 1.3 (15.1) 3.9+0.4−0.3 (6.8) 8.2± 1.1 (8.3) 6.8± 0.7 (8.5) 2.2± 0.2 (3.8) 4.6± 0.6 (4.7)
30 0.4+1.5−0.4 (2.3) 0.2
+0.6
−0.2 (2.1) 0.2
+1.5
−0.1 (0.1) 0.2
+0.9
−0.2 (1.3) 0.1
+0.3
−0.1 (1.2) 0.1
+0.9
−0.1 (0.1)
31 0.2+8.2−0.2 (0.3) 0.1± 0.1 (0.3) 0.1+0.2−0.1 (0.1) 0.1+4.6−0.1 (0.2) 0.05+0.05−0.05 (0.1) 0.05+0.1−0.05 (0.05)
Column 1: The source ID, ULXs are indicated with ∗and diffuse emission clumps with †; columns 2, 3, and
4: fluxes in the broad, soft, and hard bands respectively; columns 5, 6, and 7: luminosities in the broad,
soft, and hard bands respectively. The unabsorbed fluxes and luminosities are given in parenthesis.
a Nucleus of the galaxy.
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Table 8. NGC 3310 observed and absorption-corrected fluxes and luminosities (OBSID 19891).
Src fxobs(fcorrx ) fx
obs(fcorrx ) fx
obs(fcorrx ) L
obs
x (L
corr
x ) L
obs
x (L
corr
x ) L
obs
x (L
corr
x )
ID (0.3− 10.0 keV) (0.3− 2.0 keV) (2.0− 10.0 keV) (0.3− 10.0 keV) (0.3− 2.0 keV) (2.0− 10.0 keV)
10−14 erg s−1 cm−2 10−14 erg s−1 cm−2 10−14 erg s−1 cm−2 1039 erg s−1 1039 erg s−1 1039 erg s−1
(1) (2) (3) (4) (5) (6) (7)
1 0.7+9.7−0.6 (2.6) 0.2
+1.0
−0.2 (2.4) 0.3
+9.7
−0.3 (0.2) 0.4
+5.4
−0.3 (1.5) 0.1
+0.6
−0.1 (1.3) 0.1
+5.4
−0.1 (0.1)
2 0.4+6.3−0.4 (4.2) 0.2
+1.2
−0.2 (3.9) 0.2
+5.6
−0.2 (0.2) 0.2
+3.5
−0.2 (2.3) 0.1
+0.7
−0.1 (2.2) 0.1
+3.1
−0.1 (0.1)
3 0.4± 0.3 (0.5) 0.1+0.1−0.1 (0.3) 0.2± 0.1 (0.2) 0.2± 0.2 (0.3) 0.05+0.05−0.05 (0.1) 0.1± 0.1 (0.1)
4∗ 13.4+1.7−1.6 (19.3) 7.4+1.0−0.7 (13.2) 6.0± 0.1 (6.1) 7.5± 0.9 (10.8) 4.2+0.5−0.4 (7.4) 3.4+0.6−0.5 (3.4)
5† 0.4± 0.3 (0.5) 0.2+0.2−0.1 (0.4) 0.2± 0.1 (0.2) 0.2+0.2−0.1 (0.3) 0.1± 0.1 (0.2) 0.1± 0.1 (0.1)
6† - - - - - -
7∗ 2.5+0.7−0.6 (4.2) 0.8± 0.2 (2.5) 1.7± 0.5 (1.8) 1.4+0.4−0.3 (2.4) 0.4± 0.1 (1.4) 0.9± 0.3 (1.0)
8∗ 2.6+0.6−0.7 (8.1) 0.6+0.1−0.2 (6.0) 1.9± 0.5 (2.1) 1.4+0.3−0.4 (4.6) 0.4± 0.1 (3.4) 1.1± 0.3 (1.2)
9† 0.3+0.4−0.3 (1.3) 0.1+0.3−0.1 (1.1) 0.2+0.2−0.1 (0.3) 0.2+0.2−0.1 (0.7) 0.1+0.2−0.1 (0.6) 0.1± 0.1 (0.1)
10∗ 6.7+1.4−1.4 (9.2) 0.7± 0.1 (2.8) 6.0± 1.3 (6.4) 3.8± 0.8 (5.2) 0.4± 0.1 (1.6) 3.4± 0.7 (3.6)
11∗ 3.2+1.3−1.0 (3.9) 0.8± 0.2 (1.4) 2.4+1.1−0.9 (2.5) 1.8+0.7−0.6 (2.2) 0.4± 0.1 (0.8) 1.4+0.6−0.5 (1.4)
12 1.0+0.6−0.5 (2.3) 0.4
+0.5
−0.2 (1.7) 0.6± 0.3 (0.6) 0.6+0.4−0.3 (1.3) 0.2+0.3−0.1 (0.9) 0.3± 0.2 (0.4)
13 0.9+0.3−0.2 (0.7) 0.2
+0.2
−0.1 (0.6) 0.1± 0.1 (0.1) 0.5+0.2−0.1 (0.4) 0.1± 0.1 (0.3) 0.1+0.0−0.0 (0.1)
14 0.3+0.4−0.2 (2.5) 0.1
+0.2
−0.1 (2.2) 0.2
+0.3
−0.2 (0.3) 0.2
+0.2
−0.1 (1.4) 0.1± 0.1 (1.2) 0.1± 0.1 (0.2)
15 1.2+1.1−0.8 (12.3) 0.2
+0.8
−0.2 (11.0) 0.9
+0.6
−0.5 (1.3) 0.7
+0.6
−0.4 (6.9) 0.1
+0.4
−0.1 (6.2) 0.5± 0.3 (0.7)
16a 11.5+1.8−1.6 (14.9) 1.4± 0.2 (4.4) 10.1+1.6−1.5 (10.5) 6.4+1.0−0.9 (8.3) 0.8± 0.1 (2.5) 5.6+0.9−0.8 (5.9)
17∗ 11.7+1.2−1.4 (20.5) 2.3± 0.2 (10.5) 9.4+1.1−1.2 (9.9) 6.6+0.7−0.8 (11.5) 1.3± 0.1 (5.9) 5.2+0.6−0.7 (5.6)
18∗ 13.9± 1.8 (20.1) 3.7+0.5−0.4 (9.6) 10.2+1.5−1.6 (10.5) 7.8± 0.1 (11.2) 2.1+0.3−0.2 (5.4) 5.7± 0.9 (5.9)
19∗ 3.4+1.2−1.1 (5.7) 0.6± 0.2 (2.7) 2.8+1.1−1.0 (3.0) 1.9+0.7−0.6 (3.2) 0.4± 0.1 (1.5) 1.6+0.6−0.5 (1.7)
20∗ 7.1+1.5−2.1 (14.0) 0.5± 0.1 (6.4) 6.6+1.6−2.0 (7.7) 4.0+0.8−1.2 (7.9) 0.3± 0.1 (3.6) 3.7+0.9−1.1 (4.3)
21∗ 23.8+2.6−2.9 (34.3) 5.3± 0.6 (15.2) 18.5+2.5−2.8 (19.1) 13.3+1.5−1.6 (19.2) 3.0± 0.3 (8.5) 10.4+1.4−1.6 (10.7)
22 1.3± 0.5 (1.9) 0.4+0.1−0.2 (1.0) 0.9± 0.4 (0.9) 0.7± 0.3 (1.1) 0.2± 0.1 (0.6) 0.5± 0.2 (0.5)
23† - - - - - -
24∗ 11.0+1.4−1.3 (17.2) 3.4+0.3−0.4 (9.3) 7.6+1.2−1.0 (7.9) 6.2+0.8−0.7 (9.6) 1.9± 0.2 (5.2) 4.3+0.7−0.6 (4.4)
25 0.6+0.6−0.4 (31.4) 0.1
+0.2
−0.1 (30.6) 0.5
+0.4
−0.3 (0.8) 0.3
+0.3
−0.2 (17.6) 0.1
+0.1
−0.0 (17.1) 0.3± 0.2 (0.5)
26 0.2+1.3−0.2 (0.4) 0.1± 0.1 (0.2) 0.1+1.0−0.1 (0.1) 0.1+0.7−0.1 (0.2) 0.05+0.1−0.05 (0.1) 0.05+0.5−0.05 (0.1)
27 1.4± 0.5 (2.3) 0.7± 0.2 (1.5) 0.8+0.4−0.3 (0.8) 0.8± 0.3 (1.3) 0.4± 0.1 (0.8) 0.4± 0.2 (0.4)
28 0.2+0.2−0.1 (1.9) 0.1
+0.4
−0.2 (1.8) 0.1± 0.1 (0.1) 0.1± 0.1 (1.1) 0.05+0.2−0.1 (1.0) 0.05+0.05−0.05 (0.05)
29∗ 15.2+1.9−1.7 (18.9) 4.9+0.6−0.5 (8.5) 10.3+1.6−1.5 (10.4) 8.5+1.1−0.9 (10.6) 2.8± 0.3 (4.7) 5.8+0.9−0.8 (5.8)
30 0.3+0.4−0.2 (2.2) 0.2
+0.3
−0.1 (2.1) 0.1± 0.1 (0.1) 0.2+0.2−0.1 (1.3) 0.1+0.2−0.1 (1.2) 0.1+0.05−0.05 (0.1)
31 0.2+0.2−0.1 (1.0) 0.2
+0.2
−0.1 (0.9) 0.1± 0.1 (0.1) 0.1± 0.1 (0.6) 0.1± 0.1 (0.5) 0.1+0.05−0.05 (0.1)
Column 1: The source ID, ULXs are indicated with ∗and diffuse emission clumps with †; columns 2, 3, and 4:
fluxes in the broad, soft, and hard bands respectively; columns 5, 6, and 7: luminosities in the broad, soft, and hard
bands respectively. The unabsorbed fluxes and luminosities are given in parenthesis.
a Nucleus of the galaxy.
183.2 ± 16.8 broad-band (0.5-7.0 keV) net counts for OB-
SID 4968, OBSID 15648 and the co-added observation re-
spectively. We then extracted the spectrum of the longer
observation. The best-fit model (χ2/dof = 1.92/3; model in
XSPEC: phabs(po+apec)) was an absorbed power-law com-
ponent plus a thermal plasma component with best-fit pa-
rameters NH = (0.24± 0.36)× 1022 cm−2, Γ = 3.62 ± 2.50,
and kT = 1.10± 0.34 keV. We followed the same proce-
dure as mentioned in the beginning of this section, to cal-
culate the absorbed fluxes and luminosities of both OB-
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Table 9. NGC 2276 observed and absorption-corrected fluxes and luminosities for OBSID 4968 (top) and
for OBSID 15648 (bottom).
Src fxobs(fcorrx ) fx
obs(fcorrx ) fx
obs(fcorrx ) L
obs
x (L
corr
x ) L
obs
x (L
corr
x ) L
obs
x (L
corr
x )
ID (0.3− 10.0 keV) (0.3− 2.0 keV) (2.0− 10.0 keV) (0.3− 10.0 keV) (0.3− 2.0 keV) (2.0− 10.0 keV)
10−14 erg s−1 cm−2 10−14 erg s−1 cm−2 10−14 erg s−1 cm−2 1039 erg s−1 1039 erg s−1 1039 erg s−1
(1) (2) (3) (4) (5) (6) (7)
OBSID 4968
1∗ 0.5+135.7−0.5 (58.4) 0.3+7.3−0.3 (38.4) 0.2+27.9−0.2 (20.0) 1.0+270.3−1.0 (116.3) 0.6+14.5−0.6 (76.5) 0.4+55.6−0.4 (39.8)
2∗ 8.5+1.0−1.2 (17.8) 2.1± 0.2 (10.7) 6.4± 1.2 (6.8) 16.9+2.0−2.4 (35.5) 4.2± 0.4 (21.3) 12.7± 2.4 (13.5)
3∗ 1.1+1.4−0.6 (1.1) 0.2± 0.1 (0.2) 0.9+1.4−0.6 (0.9) 2.2+2.8−1.2 (2.2) 0.4± 0.2 (0.4) 1.8+2.8−1.2 (1.8)
4 0.06± 0.07 (0.08) 0.019± 0.02 (0.04) 0.04± 0.04 (0.04) 0.15± 0.16 (0.19) 0.05± 0.05 (0.07) 0.1± 0.1 (0.1)
5∗ 0.6+2.9−0.5 (1.9) 0.2+0.8−0.2 (1.7) 0.2+2.3−0.2 (0.2) 1.2+5.8−1.0 (3.8) 0.6+1.6−0.4 (3.4) 0.6+4.6−0.4 (0.4)
6∗ 3.6± 0.7 (4.8) 1.1± 0.2 (2.1) 2.5± 0.7 (2.6) 7.2± 1.4 (9.6) 2.2± 0.4 (4.2) 5.0± 1.4 (5.2)
7∗ 3.6+0.7−1.3 (6.2) 0.4+0.6−0.1 (2.6) 3.2+0.7−1.1 (3.6) 7.2+1.4−2.6 (12.3) 0.8+0.5−0.1 (5.2) 6.4+1.4−1.8 (7.2)
8∗ 5.8+0.5−0.6 (12.9) 1.7± 0.1 (8.2) 4.1± 0.5 (4.7) 11.6+1.0−1.2 (25.7) 3.4± 0.2 (16.3) 8.2± 1.0 (9.4)
9a 0.2+1.9−0.2 (11.7) 0.15
+0.8
−0.1 (11.6) 0.05
+0.7
−0.05 (0.05) 0.4
+3.8
−0.4 (23.3) 0.3
+1.6
−0.2 (23.1) 0.1
+1.4
−0.1 (0.1)
10 0.2+0.2−0.1 (0.2) 0.2
+0.2
−0.1 (0.2) 0.04
+0.17
−0.03 (0.04) 0.5
+0.4
−0.2 (0.4) 0.4
+0.4
−0.2 (0.4) 0.1
+0.3
−0.1 (0.1)
11 0.13± 0.06 (0.17) 0.04± 0.02 (0.08) 0.09± 0.05 (0.01) 0.31± 0.16 (0.5) 0.09± 0.04 (0.2) 0.22± 0.10 (0.22)
12 0.3± 0.2 (0.3) 0.1± 0.1 (0.2) 0.1± 0.1 (0.1) 0.6+0.4−0.3 (0.6) 0.3± 0.1 (0.4) 0.3± 0.2 (0.2)
13∗ 0.8+4.4−0.7 (15.5) 0.5+3.4−0.5 (15.4) 0.1+1.3−0.1 (0.1) 1.6+8.8−1.4 (30.9) 1.2+6.8−1.0 (30.7) 0.4+2.6−0.2 (0.2)
14 0.2+0.4−0.1 (0.5) 0.1
+0.2
−0.1 (0.3) 0.2
+4.7
−0.2 (0.2) 0.4
+0.8
−0.2 (1.0) 0.1
+0.4
−0.2 (0.6) 0.3
+9.4
−0.4 (0.4)
15 0.2+42.1−0.2 (6.3) 0.14
+2.74
−0.14 (6.31) 0.03
+11.7
−0.001 (0.03) 0.4
+83.9
−0.4 (12.5) 0.3
+5.5
−0.3 (12.6) 0.1
+23.3
−0.1 (0.1)
16∗ 0.8+2.1−0.6 (2.2) 0.3+0.6−0.3 (1.7) 0.5+2.0−0.4 (0.5) 1.6+4.2−1.2 (4.4) 0.6+1.2−0.6 (3.4) 1.0+4.0−0.8 (1.0)
17∗ 2.3+6.7−1.9 (2.2) 0.05+0.04−0.03 (0.05) 2.3+8.4−1.9 (2.3) 4.6+13.3−3.8 (4.6) 0.1± 0.1 (0.1) 4.5+16.7−3.8 (4.6)
18∗ 0.5± 0.2 (0.7) 0.2± 0.1 (0.3) 0.4± 0.2 (0.4) 1.0± 0.4 (1.4) 0.4± 0.2 (0.6) 0.6± 0.4 (0.8)
19 0.3+5.5−0.3 (0.4) 0.1
+0.2
−0.1 (0.2) 0.3
+5.1
−0.3 (0.3) 0.6
+11.0
−0.6 (0.8) 0.2
+0.4
−0.2 (0.4) 0.4
+10.2
−0.6 (0.6)
OBSID 15648
1 0.19± 0.10 (62.7) 0.18± 0.09 (62.69) 0.01± 0.01 (0.01) 0.47± 0.23 (150.31) 0.44± 0.22 (150.28) 0.03± 0.01 (0.03)
2∗ 4.4± 1.0 (9.1) 1.1± 0.2 (5.3) 3.2± 0.8 (3.5) 8.2± 2.0 (18.1) 2.2± 0.4 (10.6) 7.0± 1.6 (7.0)
3 0.4± 0.3 (0.4) 0.1± 0.1 (0.1) 0.3± 0.2 (0.3) 0.8± 0.6 (0.8) 0.2± 0.2 (0.2) 0.6± 0.4 (0.6)
4 1.0± 0.3 (1.4) 0.3± 0.1 (0.6) 0.7± 0.2 (0.8) 2.2± 0.6 (2.8) 0.6± 0.2 (1.2) 1.6± 0.4 (1.6)
5 0.3± 0.1 (1.2) 0.2± 0.1 (1.1) 0.1± 0.1 (0.2) 0.8± 0.2 (2.4) 0.4± 0.4 (2.2) 0.4± 0.2 (0.4)
6∗ 4.0± 0.5 (10.6) 1.2± 0.2 (2.3) 2.8± 0.9 (2.8) 8.0± 1.0 (10.2) 2.4± 0.6 (4.6) 5.6± 1.8 (5.6)
7∗ 11.1± 0.4 (13.8) 1.2± 0.3 (8.7) 10.7± 0.3 (11.8) 23.9± 0.8 (57.5) 2.4± 0.4 (32.3) 21.5± 0.6 (23.5)
8∗ 6.3± 0.6 (14.9) 1.9± 0.2 (8.7) 4.4± 0.4 (5.0) 12.5± 1.2 (29.7) 3.8± 0.2 (17.3) 8.8± 0.8 (10.0)
9 0.26± 0.13 (6.68) 0.2± 0.1 (6.61) 0.06± 0.03 (0.07) 0.63± 0.3 (16.01) 0.48± 0.23 (15.84) 0.15± 0.07 (0.17)
10 0.084± 0.073 (562.8) 0.082± 0.071 (562.8) 0.002± 0.001 (0.002) 0.201± 0.174 (1349.1) 0.197± 0.171 (1349.1) 0.004± 0.004 (0.006)
11 0.6± 0.2 (0.8) 0.2± 0.1 (0.3) 0.4± 0.2 (0.4) 1.2± 0.4 (1.6) 0.4± 0.2 (0.6) 0.8± 0.4 (1.0)
12∗ 2.6+4.2−1.9 (3.8) 1.2+1.0−0.6 (2.4) 1.4+2.4−0.9 (1.5) 5.2+8.4−3.8 (7.6) 2.4+1.6−1.2 (4.8) 2.8+4.8−1.8 (3.0)
13∗ 0.9+1.0−0.5 (24.1) 0.7+0.8−0.4 (23.9) 0.1± 0.1 (0.1) 1.6+2.0−1.0 (48.0) 1.4+1.6−0.8 (47.6) 0.2± 0.2 (0.2)
14 0.2± 0.2 (0.4) 0.1± 0.1 (0.3) 0.1± 0.1 (0.1) 0.4± 0.4 (0.8) 0.2± 0.2 (0.6) 0.2± 0.2 (0.2)
15 0.04± 0.06 (2.64) 0.03± 0.05 (2.63) 0.01± 0.01 (0.01) 0.1± 0.15 (6.32) 0.08± 0.12 (6.3) 0.02± 0.03 (0.02)
16∗ 0.8+0.6−0.5 (2.2) 0.3+0.5−0.2 (1.7) 0.5± 0.2 (0.5) 1.6+1.2−1.0 (4.4) 0.6+1.0−0.4 (3.4) 1.0+0.5−0.4 (1.0)
17 0.04± 0.11 (0.05) 0.01± 0.03 (0.02) 0.03± 0.08 (0.03) 0.1± 0.28 (0.12) 0.03± 0.08 (0.05) 0.07± 0.19 (0.07)
18∗ 2.3+2.5−1.2 (2.9) 0.7+0.4−0.3 (1.2) 1.6+2.3−0.9 (1.7) 4.6+5.0−2.4 (5.8) 1.4± 0.8 (2.4) 3.2+4.6−1.8 (3.4)
19 0.4± 0.3 (0.5) 0.1± 0.1 (0.2) 0.3± 0.2 (0.3) 0.8± 0.6 (1.0) 0.2± 0.2 (0.4) 0.6± 0.6 (0.6)
Column 1: The source ID, ULXs are indicated with ∗and diffuse emission clumps with †; columns 2, 3, and
4: fluxes in the broad, soft, and hard bands respectively; columns 5, 6, and 7: luminosities in the broad,
soft, and hard bands respectively. The unabsorbed fluxes and luminosities are given in parenthesis.
a Nucleus of the galaxy.
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SIDs from their corresponding counts. The 0.3-10.0 keV
band absorbed fluxes and luminosities are (1.09 ± 1.00) ×
10−14 erg s−1 cm−2 and (2.5 ± 2.3) × 1039 erg s−1 for OB-
SID 4968 and (1.66±1.55×10−14 erg s−1 cm−2) and (3.8±
3.4)× 1039 erg s−1 for the OBSID 15648.
2.5 Variability
We searched for inter-observation variability of the sources
detected in NGC 3310 and NGC 2276 using the CIAO
glvary tool. This tool is based on the Gregory-Loredo vari-
ability detection method (Gregory & Loredo 1992) which
compares the photon-arrival times with a uniform distribu-
tion. Since the dither pattern of Chandra may result in a
false variability signal because of pixel-to-pixel effective area
variations we first ran the dither region tool which generates
the time-dependent source area accounting for bad pixels,
chip gaps, node boundaries etc. The variability of a source
is encoded in the variability index (varindex) which takes
into account the variability probability and the odds ratio
for the photon arrival times to be non-uniformly distributed.
Sources with a variability index (varindex) larger than 6 are
considered variable, with larger values of the varindex indi-
cate higher degree of variability.
For NGC 3310 and OBSID 2939, the nucleus (Src 16)
showed evidence of variability with varindex=9 indicat-
ing that it is definitely a variable source. Inspecting its
lightcurve (Fig. 7) one can see a gradual increase in the ob-
served counts for about 2/3 of the exposure time and a de-
crease at the last 1/3. This translates to a luminosity change
of a factor of 1.7 starting with (1.65 ± 0.08) × 1040 erg s−1
at the lowest to (2.84 ± 0.08) × 1040 erg s−1 at the highest
count rate, assuming the best-fit spectrum from the total
exposure. However analysing data from the shorter observa-
tion (OBSID 19891), we found that Src 16 is not variable
at this observation with varindex=0 but corresponds to a
luminosity of 6.4 ± 0.1 × 1039 erg s−1, which is about 2.5
times lower than the average luminosity of OBSID 2939.
Comparing also the luminosities of the two OBSIDs (Ta-
bles 7 and 8) we find that 8 out of 31 sources show long-term
variability based on the broad-band luminosities of the two
observations. Two sources are brighter (Sources 18 and 21)
in the shorter exposure and 6 sources are brighter in the
longer observation (Sources 7, 8, 10, 16, 17, and 20). All of
these variable sources have luminosities above the ULX limit
in both observations. Sources 16 (nucleus) and 21 show the
most extreme variability of all by changing the broad-band
luminosity 4 and 13 times respectively.
For NGC 2276, none of the sources observed during the
OBSID 4968 showed any evidence of short-term variability.
In OBSID 15648 sources 1 and 2 have non-zero variabil-
ity indices and are probably not variable (varindex=2 ) and
considered not variable (varindex=1 ) respectively. However
Src 3 is likely to be variable (varindex=4 ) and its lightcurve
(Fig. 8) shows characteristics of a fast rise and exponential
decay (FRED) flare with an amplitude of 0.0013 counts/s.
This corresponds to a luminosity change of (4.5 ± 1.0 ×
1039 erg s−1).
We also searched for long-term variability in NGC 2276
by comparing the luminosities between the two OBSIDs (Ta-
ble 9). We find that 7 out of 19 sources show long-term
variability based on the broad-band luminosities of the two
Figure 7. Lightcurve of the nucleus of NGC 3310 (Src 16), ex-
tracted from OBSID 2939 divided in bins of ∼ 2.67 ks. We see a
clear rise of the source intensity during the observation.
Figure 8. Lightcurve of source 3 in NGC 2276, extracted from
OBSID 15648 in bins of ∼ 174 s. We clearly see a flare with a
duration of ∼ 500 sec.
observations. Five sources are brighter (Sources 4, 7, 11, 12,
and 18) in the shorter exposure and 2 sources are brighter
in the longer observation (Sources 2 and 17). Out of the 7
variable sources, four (Sources 2, 7, 17, and 18) have lumi-
nosities above the ULX limit in the longer exposure whereas
one (Src 12) has a luminosity in excess of 1039ergs−1 in the
shorter exposure.
2.6 Integrated and extended X-ray emission of
NGC 3310
In the following section we present the analysis on the
integrated and extended emission of NGC 3310. We do
not perform the same analysis for NGC 2276 since its
was analysed previously in detail (Rasmussen, Ponman, &
Mulchaey 2006; Wolter et al. 2011, 2015). Therefore we
extracted the integrated spectrum of NGC 3310 included
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NGC3310 and NGC2276 17
Figure 9. (Top panel) The integrated X-ray spectrum of
NGC 3310 (OBSID 2939), along with the best-fit folded model
(Table 10) consisting of: an absorbed power-law (dashed red line),
and two APEC components (dotted blue lines). (Bottom panel)
The fit residuals in terms of sigma with error bars of size 1σ.
in the outline of the galaxy from each observation. We
determined the background spectrum from a source-free
area outside the galaxy using the specextract tool. We fit-
ted simultaneously the spectra from the two separate ob-
servations (OBSID 2939 and OBSID 19891) with all the
model parameters apart from the normalizations tied to-
gether. We obtained the best-fit (χ2ν/dof = 626.04608) with
a model consisting of two thermal plasma components
and a power-law component (phabs(powerlaw+apec+apec))
seen through a common absorber. The best-fit parame-
ters are Γ = 1.57 ± 0.06, NH = (0.17± 0.03)× 1022 cm−2,
kT1 = 0.22± 0.02 keV and kT2 = 0.77+0.05−0.04 keV (Table 10).
The total absorbed and unabsorbed luminosities based
on this joint fit in the broad (0.3− 10.0 keV), soft
(0.3− 2.0 keV), and hard (2.0− 10.0 keV) bands are shown
in Table 11.
2.6.1 Luminosity of X-ray binaries and ULXs
In order to determine the luminosity of the XRB popula-
tions, we measured the integrated emission of both resolved
and unresolved XRBs in NGC 3310 by extracting the in-
tegrated spectrum of the galaxy and measuring the flux
of only the power-law component (best-fit results in Table
10). Since NGC 3310 may host an AGN, we also measured
the luminosity of the extra-nuclear XRB population by ex-
tracting the spectrum of the galaxy, but this time excis-
ing the nucleus. We fitted these spectra from each obser-
vation using the same model as for the total galaxy spec-
trum (phabs(powerlaw+apec+apec)) resulting in a good fit
(χ2/dof = 620.01/582). The best-fit parameters are listed in
Table 10, and the total and XRB (power-law component)
luminosity in Table 11.
We calculated the total flux of the ULXs by extracting
a spectrum from a region consisting of all their apertures
and using a background spectrum from a source-free area
outside the outline of the galaxy. However due to variability
(namely 14 ULXs for OBSID 2939 and 12 ULXs for OBSID
19891), we used different apertures for each observation and
fitted the spectra for each observation separately A model
consisting of an absorbed power-law and a thermal-plasma
model gave good fit for both observations (χ2 = 214.67/185
and χ2 = 124.67/132). The best-fit parameters for this fit
are presented in Table 10 and the corresponding absorbed
and unabsorbed luminosities for the overall spectrum in Ta-
ble 11.
We also tried a model consisting of an absorbed
thermal-plasma and a disk black-body model which has been
successfully used to model the spectra of ULXs (Gladstone
et al. 2009; Rana et al. 2015). This resulted in unrealistic val-
ues for the component parameters of the shorter observation
(OBSID 19891) but gave a good fit for the longer observa-
tion (OBSID 2939; χ2 = 216.54/185) with best-fit param-
eters NH = (0.08± 0.03)× 1022 cm−2, kT = 0.42+1.58−0.19 keV
and Tin = 1.58
+0.07
−0.08 keV which resulted in a total observed
luminosity of L(0.3− 10 keV) = 6.2± 0.5× 1040erg s−1.
2.6.2 Luminosity of the diffuse emission
We measure the total diffuse emission of NGC 3310 and the
diffuse emission of three morphologically distinct areas (ring,
north and south spiral arm; Fig.10), defined using the 8µm
IRAC Spitzer infrared image, in the broad (0.3− 10.0 keV)
, soft (0.3− 2.0 keV), and hard (2.0− 10.0 keV) bands. In
order to measure the luminosity of the diffuse X-ray emis-
sion of NGC 3310, we created “swiss cheese” images for each
observation and in each of the three bands by removing the
regions corresponding to the 27 detected X-ray sources. To
obtain a picture of its spectral parameters we extracted a
spectrum from the entire region of the galaxy (also exclud-
ing the discrete X-ray sources) and a background spectrum
from a source-free area outside the outline of the galaxy us-
ing the specextract tool. We did the same for the north spi-
ral arm, the ring, and the south spiral arm areas (Fig. 10).
The spectra from the two observations were fitted simulta-
neously with an absorbed power-law model (to account for
unresolved X-ray binaries) plus two thermal plasma model
components for the total and the ring diffuse emission. For
the spiral arms the spectra were fitted with an absorbed
power-law model plus a thermal plasma model component.
The spectral parameters for the two observations were tied
together (including the model normalisation) and a constant
that was free to float was introduced in order to account for
variations of the overall intensity between the two obser-
vations (e.g due to calibration deferences). Since the nor-
malisation of the power-law component of the spectral fits
to the integrated ULX spectra, do not show any significant
variation (Table 10) we opted to tie together the two nor-
malisations for the fits of the two observations. The best-fit
parameters for these models and their corresponding errors
are shown in Table 10.
Since the spectrum of the diffuse emission of the galaxy
does not account for the diffuse emission that lies within
the excised source regions we cannot directly compute the
flux and consequently the luminosity of the diffuse emission
of NGC 3310. For this reason, following the same approach
as in Anastasopoulou et al. (2016), we created an image of
the diffuse emission by interpolating the pixel values in the
source regions based on the intensity in annular regions sur-
rounding them, using the dmfilth tool. These annular regions
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Table 10. Spectral fitting parameters of integrated spectrum of galaxy, binaries, ULXs, and diffuse emission
of NGC 3310
Power-law Thermal plasma
Region NH Γ Norm Norm kT Norm Norm
1022 cm−2 (OBSID 2939) (OBSID 19891) keV (OBSID 2939) (OBSID 19891) χ2/dof
(1) (2) (3) (4) (5) (6) (7) (8) (9)
Total galaxy 0.17± 0.03 1.57± 0.06 38.11+2.88−2.36 34.10+2.86−2.37 0.22± 0.02 40.5+30.7−11.0 40.3+32.8−12.4 626.04/608
0.77+0.05−0.04 12.0± 2.5 10.5± 2.5
Total galaxy- 0.17± 0.04 1.65± 0.07 33.89+2.45−2.26 34.42+2.79−2.56 0.22± 0.02 40.8+29.7−11.0 39.5+31.6−12.3 620.01/582
(no nucleus) 0.78± 0.05 12.2± 3.0 10.0± 3.0
ULXs (OBSID 2939) 0.27+0.05−0.04 1.72± 0.07 25.5+2.38−2.04 - 0.18± 0.03 9.90+10.4−5.85 - 214.67/185
ULXs (OBSID 19891) 0.49+0.22−0.15 2.08± 0.15 34.7+9.12−6.20 - 0.28± 0.04 14.72+93.76−14.18 - 124.73/132
Diffuse emission (total) 0.15± 0.04 1.82+0.24−0.22 10.1+1.8−1.5 10.1+1.8−1.5 0.78± 0.04 11.0+3.4−2.1 11.0+3.4−2.1 495.13/460
0.22± 0.02 31.8+21.1−10.4 31.8+21.1−10.4
Diffuse emission (north) 0.71+0.07−0.08 1.92
+0.31
−0.30 1.5
+0.4
−0.3 1.5
+0.4
−0.3 0.19
+0.02
−0.01 116.7
+97.5
−60.2 116.7
+97.5
−60.2 64.76/44
Diffuse emission (south) 0.50+0.09−0.21 2.66
+0.67
−0.58 1.2
+0.7
−0.5 1.2
+0.7
−0.5 0.19± 0.03 46.33+50.86−39.20 46.33+50.86−39.20 33.51/34
Diffuse emission (ring) 0.16± 0.04 2.09+0.16−0.15 5.3+0.9−0.7 5.3+0.9−0.7 0.23± 0.02 13.1+7.05−4.30 13.1+7.05−4.30 201.94/154
0.77+0.05−0.04 6.30
+1.55
−1.13 6.30
+1.55
−1.13
Column 1: the regions used to extract the spectra. For the ULX population, we present spectral fit results
for each OBSID separately as described in Section 2.6.1. The regions of diffuse emission total, north, south,
and ring correspond to the diffuse emission of the entire galaxy, the north, south spiral arm and ring
respectively (after removing all resolved sources); column 2: H i column density along the line of sight;
columns 3, 4, and 5: the power-law photon index and the normalisation for each observation (in units of
10−5 photons keV−1 cm−2 s−1 at 1 keV); columns 6, 7, and 8 : the temperature of the thermal plasma
component (APEC) and the normalisation of each observation (expressed as 10
−19
4piD2
∫
nenHdV where ne
and nH are the electron and hydrogen densities integrated over the volume V of the emitted region and D
is the distance to the source in cm); column 9: the χ2 and the degrees of freedom for each spectral fit.
Table 11. NGC 3310 luminosities of the integrated spectrum of the galaxy, X-ray binaries,
ULXs, and the diffuse emission
Region OBSID Lobsx (L
corr
x ) L
obs
x (L
corr
x ) L
obs
x (L
corr
x )
(0.3− 10.0 keV) (0.3− 2.0 keV) (2.0− 10.0 keV)
1040 erg s−1 1040 erg s−1 1040 erg s−1
(1) (2) (3) (4) (5)
Total galaxy
2939 17.2± 0.7 (24.9) 6.0± 0.2 (13.5) 11.2± 0.7 (11.4)
19891 15.6± 0.7 (22.7) 5.6± 0.3 (12.5) 10.0± 0.6 (10.2)
Binaries
2939 11.6±0.7 (14.4) 3.0±0.2 (5.7) 8.6±0.7 (8.6)
19891 11.8±0.7 (14.6) 3.1±0.3 (5.8) 8.7±0.6 (8.9)
ULXs
2939 7.3 ±0.3 (10.6) 1.8 ±0.1 (5.1) 5.4 ±0.3 (5.6)
19891 6.2 ±0.5 (13.0) 1.8 ±0.2 (8.3) 4.4 ±0.3 (4.7)
Diffuse emission (total)
2939 4.8±0.6 (4.9) 3.3±0.1 (4.0) 0.8±0.5 (0.8)
19891 5.1±0.6 (6.3) 2.9±0.2 (4.2) 0.8±0.6 (0.8)
Column 1: The region IDs (see Table 10); column 2: the OBSID; columns 3, 4, and 5:
the broad, soft and hard-band luminosity respectively. The unabsorbed luminosities are
given in the parenthesis. The component indicated as “total galaxy” includes emission
from the entire galaxy whereas the “Binaries” component include the emission from the
power-law component of the galaxy without its nuclear region (see row 2; Table 10). “ULXs”
corresponds to the power-law component of the integrated spectrum of the ULXs described
in Section 2.6.1. The diffuse emission (total) corresponds to the diffuse emission of the entire
galaxy (after excising all resolved sources, and correcting for the corresponding area).
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were the same as those used to measure the background in
the spectral analysis. Using the best-fit spectral model of the
diffuse emission of the galaxy from each of the two observa-
tions, and making the implicit assumption that the spectrum
in the source regions is on average the same as in the rest
of the galaxy, we calculated the flux and the corresponding
luminosity of the diffuse emission in the soft and hard bands
by rescaling the model-predicted fluxes by the ratio of the
counts in the interpolated image and the swiss-cheese image
in each band. The absorbed, as well as the corrected lumi-
nosities for OBSIDs 2939 and 19891 are reported in Table
11.
For NGC 2276 we do not perform any further analysis
on the diffuse emission of the galaxy since it was studied
in great detail by Rasmussen, Ponman, & Mulchaey (2006).
In summary, they find that the interstellar medium is com-
pressed at the western edge as the galaxy moves supersoni-
cally through the IGM (∼ 850 km s−1). The detailed temper-
atures and luminosities of the diffuse emission can be seen
in Table 2 of Rasmussen, Ponman, & Mulchaey (2006).
2.7 Sub-galactic scaling relations
In this section we study the link between the X-ray emission
of the X-ray binary populations of NGC 3310 and NGC 2276
with their star formation rates (SFR) and stellar masses
at sub-galactic scales. Furthermore we examine the applica-
bility of the galaxy-wide scaling relations in these smaller
scales.
2.7.1 NGC 3310
In order to examine whether sub-galactic regions of
the galaxy follow the galaxy-wide scaling relations
or not, we used as reference the linear relation
LXRBS0.5−8.0keV(ergs
−1) = 2.61× 1039SFR(Myr−1) of Mineo et
al. (2012a) between the integrated luminosity of HMXBs
and SFR. We defined morphologically three sub-galactic re-
gions (ring, north and south spiral arms; Section 2.6.2; Fig.
10). For these three regions as well as for the entire galaxy
we calculated the XRB X-ray luminosity by simultaneously
fitting the X-ray spectra of both observations, accounting
only for the power-law component of each spectrum which
is representative of the X-ray binaries. The total luminos-
ity of the X-ray binaries is reported in Table 11 for each
observation. We then calculated the SFR for each of these
regions from the Spitzer MIPS 24µm image using the cal-
ibration from Rieke et al. (2009). In Fig. 11 we report the
average luminosities of these two observations, calculated
in the 0.5− 8.0 keV band reported in Mineo et al. (2012a)
for the X-ray luminosity versus SFR correlation. This cor-
relation is shown in Fig. 11 as the reference solid line. We
interestingly notice (Fig. 11; top panel) that the total galaxy
and its south spiral arm follow the scaling relation but the
regions containing the ULXs (north spiral arm and ring)
show an excess of the HMXB X-ray luminosity (Fig.11).
In order to examine the scaling relations in sub-galactic
scales regardless of particular morphological features, we cal-
culated the SFR of 11 semi-annuli on the north and 11 on
the south around the nucleus of the galaxy with a thickness
of about 10 arcsec. The annuli are shown also in Fig.10.
Moreover, since the regions we study may contain a non-
negligible contribution of LMXBs, we then compared with
the scaling relation of Lehmer et al. (2010) which correlates
the hard X-ray luminosity (2.0-10 keV) of XRBs per SFR
to the sSFR. In this comparison we used the 2.0-10.0 keV
luminosity of the power-law component from the spectral
fits in each of the four regions (total galaxy, ring, north and
south spiral arms). Due to the small number of counts in
each annular region, it was not possible to fit the individual
spectra. Instead, we calculated the X-ray luminosity in each
annulus based on the counts of the co-added image in the 2-
10 keV band (the effective area and the background between
the two observations do not change significantly), using as
background region an annulus around the galaxy. To con-
vert the count rate to flux we used the exposure weighted
sum of the conversion factors from the two observations, re-
sulting from the power-law component in the nucleus-free
integrated spectrum of the galaxy. Alternatively weighting
by the number of counts gives essentially identical results
(less than 1%). The SFR of the annular regions was com-
puted again from the Spitzer MIPS 24µm image using the
calibration from Rieke et al. (2009). The stellar mass of the
sub-galactic regions was computed using IRAC images at
3.6µm and the calibration relation from Zhu et al. (2010).
In Fig. 12 we plot the X-ray luminosity per SFR of each of
those regions against the sSFR. The annuli are enumerated
from 1-11 starting from the inner annulus to the outer annu-
lus and we show them (Fig. 10) with black stars for the north
part and red circles for the south part. Some annuli are not
shown because they have too few counts to be considered
significant (north annuli: 8, 9, 10, and 11).
We find (Fig. 12; top panel) that there is an excess in the
Lx/SFR-sSFR scaling relation for the north spiral arm and
the ring of the galaxy which host the ULXs, whereas the en-
tire galaxy and the south spiral arm follow the Lehmer et al.
(2010) relation. Furthermore, we observe that there is indeed
an excess of hard luminosity per SFR for the inner annuli
which contain the ULXs. The outer annuli of the galaxy un-
less containing a ULX fall bellow the scaling relation line but
within the errors are consistent with the correlation. Overall
in spite of the fact that the entire galaxy follows the scaling
relations, we observe an excess in the hard X-ray luminosity
of the XRBs for the regions containing ULXs.
2.7.2 NGC 2276
For NGC 2276 we followed the same analysis procedure for
measuring the X-ray luminosity, SFR, and stellar mass as
for NGC 3310 (see Section 2.7.1). We divided the galaxy in
two regions (west and east), in order to investigate whether
the ram pressure on the west side of the galaxy enhanced
its SFR in comparison to the east side. We also divide the
galaxy in 8 semi-annuli with thickness of about 20 arcsec in
order to include enough counts to allow measurement of the
X-ray luminosity. The different regions of the galaxy and the
8 semi-annuli are shown in Fig.10. We calculated the SFR
and we found that there is marginal difference between the
two sides of the galaxy (Table 12).
Plotting the integrated luminosity of the galaxy and the
luminosity of the two sides on the galaxy-wide scaling rela-
tion of Mineo et al. (2012a) we see that there is an excess of
the HMXBs X-ray luminosity at the west side of the galaxy
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Table 12. Star formation rates of NGC 2276 and NGC 3310
Region SFR (24µm)
Myr−1
NGC 3310 44.7
ring 4.7
north 1.1
south 1.0
NGC 2276 west 3.6
NGC 2276 east 2.5
which contains the brightest ULXs, (bottom plot; Fig. 11)
as well as for the entire galaxy. In Fig. 12 we plot the X-
ray luminosity per SFR of the entire galaxy, the two sides as
well as the annular regions against the sSFR. The annuli are
enumerated from 1 to 4 starting from the inner annulus to
the outer annulus. The black stars correspond to the west
part and red circles to the east part of the galaxy. Some
annuli are not shown because the number of their counts is
too low to be considered significant (west: 1; east: 4). We
observe again, as in NGC 3310, an excess in the hard X-
ray luminosity of the XRBs for the regions containing ULXs
(especially the bright ones) but this time also an excess in
the hard X-ray luminosity of the entire galaxy although of
smaller scale. However the east side of the galaxy follows the
standard scaling relation of Mineo et al. (2012a).
3 DISCUSSION
In the previous sections we presented the results from the
analysis of the discrete sources (photometry, spectral, timing
analysis), the spectral properties of the integrated galactic
emission as well as the applicability of galaxy-wide scaling
relations at sub-galactic scales. In this section we examine
the contribution of the XRBs, ULXs, and the diffuse emis-
sion to the integrated luminosity of the NGC 3310. We also
examine whether the variations of the sub-galactic regions
on the galaxy-wide scaling relations are a result of stochastic
effects or underlying factors such as age or metallicity the
stellar populations.
3.1 Diffuse emission of NGC 3310
Based on the results reported in Table 11 we see that the
contribution of the diffuse emission observed (i.e. absorbed)
to the absorbed total luminosity of the galaxy is: 30% in
the broad band (0.3-10.0 keV), 57% in the soft band (0.3-
2.0 keV), and 7% in the hard band (2.0-10.0 keV).
The soft X-ray luminosity of the galaxy is dominated by
the diffuse emission, indicating thermal gas which is mostly
concentrated on the ring of the galaxy and is character-
ized by a low (kT ∼ 0.20 keV) and a high (kT ∼ 0.70 keV)
temperature component. These temperatures (Table 10) are
consistent within the errors with results found in other star-
forming galaxies (e.g. Antennae, M101,Arp299 Fabbiano et
al. 2003; Baldi et al. 2006i; Kuntz & Snowden 2010; Mineo
et al. 2012b; Anastasopoulou et al. 2016).
We also notice that the hard diffuse emission of the ring
and the north spiral arm contribute all (∼80% and ∼20%)
Figure 10. Top: X-ray colour image of NGC 3310. Overlaid are
the three regions used to measure the X-ray luminosity of the
X-ray binary populations in the ring, north, and south spiral
arm (magenta colours). We also show the 11 semi-annuli used
to measure the X-ray binary X-ray emission in different regions
of NGC 3310 . Bottom: X-ray colour image of NGC 2276. The di-
agonal line shows the separation between the west and east side
of the galaxy. The annuli show the regions used to measure the X-
ray emission of X-ray binaries in NGC 2276 in sub-galactic scales.
The orientation of the images is top-north and left-east.
of the diffuse hard emission of the galaxy. Since the vast
majority of the sources lay on these areas, it is expected that
they would also dominate the diffuse hard X-ray emission of
the galaxy. Moreover, the ring seems to be the main source
of soft diffuse emission since it is responsible for half the
diffuse emission of the galaxy.
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Figure 11. Luminosity of HMXBs (0.5-8.0 keV) versus SFR in
different regions of NGC 3310 (top) and NGC 2276 (bottom). For
NGC 3310 the emission from the ring, the north spiral arm and
the south spiral arm are shown with the square, the star, and the
dot respectively. For NGC 2276 the emission from the west and
east side are depicted with the star and the triangle respectively.
The black circle in both cases corresponds to the total emission
of the galaxy. The black line and shaded area indicate the best-fit
correlation of Mineo et al. (2012a) and its 1σ scatter.
3.2 Nature of the X-ray sources
From the spectral analysis results for NGC 3310 (Ta-
ble 11) we find that the resolved and unresolved
XRBs (power-law component) account for 70% broad-
band (0.3− 10 keV), 50% soft-band (0.3− 2.0 keV), and
77% hard-band (2.0− 10 keV,) absorbed luminosity of the
galaxy. Their corresponding contribution to the absorption-
corrected luminosity is 61% in the broad band, 45% in the
soft band and 78% in the hard band. As expected from other
star-forming galaxies (e.g. Lira et al. 2002; Fabbiano 2003)
the XRBs dominate in the hard X-ray emission of the galaxy.
In NGC 2276 we observe that the ratio between ULX
and lower luminosity sources is larger in the west (shocked)
region of the galaxy. Interestingly, the total number of XRBs
Figure 12. Luminosity of XRBs (2-10 keV) per SFR versus sSFR
for different regions in NGC 3310 (top) and NGC 2276 (bottom).
For NGC 3310 the emission from the ring, the north spiral arm
and the south spiral arm are shown with the square, the star and
the dot respectively. The enumerated small black stars indicate
the north semi-annuli while the enumerated red dots indicate the
south semi-annuli. For NGC 2276 the emission form the west and
east side are depicted with the star and the triangle respectively.
The enumerated small black stars indicate the west semi-annuli
while the enumerated red dots indicated the east semi-annuli.
The black circle in both cases corresponds to the total emission
of the galaxy. The black line and shaded area indicate the best-fit
correlation of Lehmer et al. (2010) and its 1σ scatter.
is marginally larger on the east side of the galaxy. More
specifically, on the west side we find 8 sources out of which
7 are ULXs, whereas on the east side we find 10 sources
out of which 4 are ULXs. In Fig. 13 we plot the cumulative
distribution of the luminosity of the XRBs in the two sides
of the galaxy. We notice that the X-ray sources on the west
side are about five times more luminous than those on the
east side of the galaxy and appear to have a flatter distribu-
tion of luminosities. This behaviour does not change when
we adopt the distance of 32.9 Mpc. We discuss in following
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Figure 13. Cumulative distribution of the luminosity of the X-
ray sources in the two sides of NGC 2276, showing an excess of
luminous sources in the west side.
sections what could be the cause of this difference in the
total luminosity between the two sides of the galaxy.
3.3 What is the cause for the excess?
As described previously (Section 2.7), sub-galactic regions of
NGC 3310 and NGC 2276 containing ULXs, and especially
the brightest ones in the case of NGC 2276, are located above
the galaxy-wide scaling relations of the hard X-ray lumi-
nosity versus the SFR and the stellar mass. The important
question is whether this is a statistical sampling effect or if
it has a physical origin.
In order to evaluate the significance of this excess we
simulated the luminosity we would expect in the different
regions of the two galaxies based on the galaxy-wide scal-
ing relations, and we calculated the probability to get the
observed luminosity by chance.
In more detail, we first calculated the expected num-
ber of LMXBs and HMXBs in each region, based on the
normalisation of the XLFs with stellar mass (Gilfanov
2004) and SFR (Mineo et al. 2012a) respectively. We as-
sumed two limiting luminosities (Lmin = 10
36erg s−1 and
Lmin = 10
37erg s−1) for integrating the number of XRBs,
in the XLF of Mineo et al. (2012a) and limiting luminosity
of Lmin = 2× 1037erg s−1 for the XLF of Gilfanov (2004).
This is supported by the finding of (Mineo et al. 2014) that
in NGC 2206/IC 2163 the global scaling relations between
the X-ray luminosity of ULXs and SFR also hold in local
scales.
Then, we obtained 500 samples of LMXBs and HMXBs
from a Poisson distribution, with mean equal to the expected
number of HMXBs and LMXBs, in each sub-galactic region
based on the aforementioned scaling relations and their lo-
cal SFR and stellar mass (derivation described in Section
2.7). For each of these number of HMXBs and LMXBs in
each region we obtained 500 samples of luminosities drawn
from their corresponding XLF, for each population. The to-
tal luminosity for each region was calculated by summing
the luminosities of the individual sources in the region. This
Figure 14. Distributions of the expected luminosity in different
regions of NGC 3310 (top) and NGC 2276 (bottom) drawn from
the scaling relations of X-ray binaries with SFR and stellar mass
(see Section 3.3. Each histogram corresponds to a different region
which show an excess in the luminosity of the X-ray binaries they
host. The vertical lines correspond to the observed luminosities
of each region. For NGC 3310: dashed: 1st north semi-annulus,
dotted: 3rd north semi-annulus, solid: 1st south semi-annulus,
dash-dot: 2nd south semi-annulus, red dashed: ring, red solid:
north spiral arm. For NGC 2276: dashed: west side, dotted: 2nd
west semi-annulus, solid: 3rd east semi-annulus.
resulted in two distributions of 250,000 total luminosities for
each region, one for LMXBs and one for HMXBs. We then
added the two distributions for each region to get the distri-
bution of total XRB luminosities in each region. This way
we accounted for fluctuations on the number of sources in
each region as well as stochastic effects on their luminosity.
Fig. 14 shows the histograms of simulated total lumi-
nosities. Each histogram corresponds to a different region
which shows an excess in the XRB luminosity for NGC 3310
and NGC 2276. The probability to get the observed excess
by chance is given by the tail of the luminosity histograms
for each region. We find that for every region showing an
excess in the scaling relations the probability of measuring
such a high value only due to statistical fluctuation is be-
tween 1% and 7% for the various regions of NGC 2276 and
between 3% and 13% for the various regions of NGC 3310.
This test indicates that the excess of X-ray luminosity for
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the XRBs we observe in the scaling relations could have a
physical origin.
3.3.1 What is the physical origin of this excess?
An obvious answer could be that differences in the SFR are
responsible for the excess in the luminosity of the XRB pop-
ulation. However we argue that this is not the case, since all
relations presented in this paper are normalised by the SFR.
In NGC 2276 in particular we measure more or less the same
SFR between the two sides of the galaxy.
A metallicity effect?
Metallicity could be a factor causing the observed excess
in the hard X-ray luminosity. Theoretical models suggest
that lower metallicities are associated with higher X-ray lu-
minosities for a given stellar population (Fragos et al. 2013).
Recent studies have shown that low-metalicity regions could
result in higher numbers of HMXBs and in particular ULXs
(Linden et al. 2010; Prestwich et al. 2013; Brorby, Kaaret,
& Prestwich 2014; Douna et al. 2015), although with signif-
icant scatter.
NGC 3310 is a low metallicity galaxy (young star clus-
ters peak at Z=0.4Z; de Grijs et al. 2003a,b) which could
explain the large number of ULXs observed. However, the
areas containing the ULXs do not seem to be of much lower
metallicity. According to de Grijs et al. (2003b), who studied
the star clusters in NGC 3310, the distribution of metallici-
ties in the ring of the galaxy (where the majority of ULXs
reside) and outside the ring do not show any differences.
Additionally, Miralles-Caballero et al. (2014) found a rather
flat gaseous abundance gradient for about a hundred HII
regions located on the disk and the spiral arms.
Measurements of the diffuse X-ray gas on the main
body of NGC 2276 show that it is of low metallicity (∼
0.06 − 0.11Z/Z, Rasmussen, Ponman, & Mulchaey 2006),
with no metallicity differences between the two sides of the
galaxy, though we could not find any reliable metallicity
measurements of the stellar populations. However, since it
has been found that the metallicity gradient of galaxies (e.g.
Maragkoudakis et al. 2018) has a radial dependence and we
are studying two symmetric sides of the galaxy with respect
to its center we would not expect significant differences of
the metallicity between the two sides of the galaxy.
An age effect?
Another factor explaining the observed excess in the
hard X-ray luminosity of the different regions of the galaxy
could be the age variations of the stellar populations. Theo-
retical work (Linden et al. 2010; Fragos et al. 2013) supports
that the luminosity of the HMXBs peaks at younger HMXB
populations and that the younger X-ray binaries popula-
tions result in more luminous sources. There is also increas-
ing observational evidence for measurable dependence of the
number and/or the X-ray luminosity of XRBs as function of
their age (e.g. Antoniou & Zezas 2016; Lehmer et al. 2017;
Antoniou et al. 2018). Similarly, (Mineo et al. 2014) tenta-
tively attributed a dependence of the number of ULXs in
NGC 2206/IC 2163 on the FIR to UV luminosity ratio on
variations of the local star-formation timescales (although
FIR to UV luminosity variations could also result from dust
extinction).
In the case of NGC 3310 hundreds of star clusters (HST;
Elmegreen et al. 2002; de Grijs et al. 2003a) have been found.
According to de Grijs et al. (2003b), young clusters (ages
peaking at ∼ 30 Myr) reside predominately at the ring and
northern spiral arm where the majority of ULXs are located.
The difference in the total luminosity of the XRBs be-
tween two sides of NGC 2276 (the west side is∼ 5 times more
luminous) could be explained by a younger XRB population
on the west side of the galaxy. Younger stellar population in
this side of the galaxy are expected from the compression-
induced star-forming activity. In fact, Hα and FUV images
(see Fig. 15) show that the west side of the galaxy is brighter
than the east side. The FUV emission is produced by stars
up to ∼ 100 Myr old while the Ha emission is powered by
stars up to 10 Myr old (Kennicutt et al. 2012). The stark
contrast of the Ha intensity between the west and the east
side of the galaxy strongly indicates that the west side is
dominated by young (up to ∼ 10Myr) stellar populations.
Implication for scaling relations
Based on the above arguments we favor the age-
dependence of the ULX populations as the driving factor for
the excess we see in the sub-galactic X-ray luminosity scaling
relations with respect to the galaxy-wide scaling relations.
Although metallicity may have an effect which needs to be
explored more systematically, the relatively shallow metal-
licity gradients typically seen within star-forming galaxies
(Maragkoudakis et al. 2018; Moustakas et al. 2010) support
the notion that the dominant factor of scatter in sub-galactic
X-ray luminosity scaling relations is stellar population age
variations. For the younger populations (< 100 Myr) such
age variations may have a dramatic effect since their X-ray
output may change by more than one order of magnitude per
unit stellar mass for age differences as small as ∼ 10−20 Myr
Fragos et al. (2013). Interestingly, the regions we are prob-
ing have SFR and sSFR similar to those observed in lo-
cal dwarf galaxies. This has the important implication that
star-formation history variations (in addition to stochastic
sampling of the X-ray luminosity function) could play a pos-
sibly important role in producing the scatter we observe in
the galaxy-wide X-ray luminosity - SFR scaling relations in
the low SFR regime.
4 SUMMARY
In this work we have analysed ACIS-S Chandra obser-
vations for the galaxies NGC 3310 and NGC 2276. For
NGC 3310 we find 27 X-ray discrete sources (SNR>3.0)
down to 1.0×1038 erg s−1. Fourteen of those sources are
ULXs located on the ring and north spiral arm reaching
1.5×1040 erg s−1. The majority of sources are fitted well
with an absorbed power-law model (NH greater than Galac-
tic; Γ ∼1.7-2.0; typical for XRBs). We also find that the
nucleus of the galaxy is variable but there is no sign of an
AGN. The contribution of XRBs is more than 80% to the
hard (2.0-10.0 keV) galaxy luminosity. The diffuse emission
component (kT=0.2 keV and 0.8 keV) is 60% of the soft
(0.3-10.0 keV) emission of the whole galaxy.
For NGC 2276 we find 19 X-ray discrete sources
(SNR>3.0) down to L(0.3− 10.0keV) = 1.0× 1038 erg s−1.
Eleven of those sources are ULXs. Five of them are located
on the east and six on the west side of the galaxy. We also
find that the total luminosity of the XRBs on the west side of
the galaxy is five times larger than the luminosity of XRBs
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Figure 15. Hα (top) and GALEX FUV (bottom) images of
NGC 2276 showing intense star-formation on the compression
front in the west side of the galaxy. The presence of strong Hα and
FUV emission suggests the presence of young (∼ 10 Myr) stellar
populations. (The Hα observations are taken at the Observatoire
de Haute Provence(OHP), France)
in the east side and almost every ULX on the west side is
brighter than those in the east side.
Moreover we find that the ULX-hosting areas of both
galaxies are located above the LX-SFR and LX/SFR-sSFR
scaling relations. This indicates that sub-galactic regions fol-
low the galaxy-wide scaling relations but with much larger
scatter resulting from the age (and possibly metallicity) of
the local stellar populations in agreement with recent the-
oretical and observational results. This indicates age differ-
ences could be the origin of the scatter we observe in the
low SFR regime in the LX-SFR scaling relations.
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